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Myrrs, P. ,  J .  L. Pottor!, clrlrl M. 1;. Srnztlr. 1990. A ror~~ew ($the bolivie~~sis groufi of 
Akodon jfiJur.ldao: Sigrr~odorrtirtc~r.j, loit11 ~rnfihn~si.~ on Ppru and Bol17~ia. MI-sc. Publ., 
M1c.c. Zool., (Jrur~. Michzgun. 177:I-104,/ig.\. 1-29. We I-ecognize the Altodon holiui- 
o)t.\i\ g r o ~ p  as an infornlal assemblage of species inclutling Akodorl boli.o~en.\k 
(western Bolivia a r ~ d  l'uno Departnrent, I'eru), Akodo?~ p i~ r r  (subspecies caeno~w 
ill no r t l~wes t e r~~  Argentina ;111d soutllern Bolivia, puer i l l  crntral Bolivia, and 
li~t(,.\(,rr~.\ i l l  I'LII~O I)epartnlrnt, Pet-11 and La Par Dcpal-trr~ent, Bolivia), Altodo~r 
slrbfi~.\cil.\ (subspecies c~tl)J~sc~l.s in sor~theasterr~ Peru a ~ ~ d  1.a l'az Department, 
Bolivi;~; tlso a llew subspecies fro111 southwestel-n I'erl~), ; u ~ d  Akodon n. sp. (ccn- 
trill Pet-11). We fur-thcr suggest that Akodmt J ~ ~ P ~ / I Z Z I I L I I  (sut~speries ~ f i rga~~zn l i  a ti 
tcic.tc?nar~e?~~is) from northern Arge~~ t ina  may he a ~nemhcr  of this group. Akodon 
fi(~riJi(ild is  show^^ to be ;I synonyln of A. holiuzi~rrsi.\. 'I'he bol?vi(~n\w group is (hag- 
nosed Oy a co~nhi~l;~tion of c l~aractel-s inclutli~tg small size, dcliratr cranium, 
I~;II-row and straight-sided r~~csopte~-ygoicl fossa, hourglass-shaped i~~terorhital  
r e g i o ~ ~ ,  ~ I I I ~  dull h1.ow11 fur witl~out contrasti~~gly coloretl ar-eas. 
L)escriptio~ls of irrclllt~ed sprt irs ancl subsprc-ies are 11rovidetl. Tmdition;rl 
cranial, tlental, ant1 cxtet-~ral c-h;~racters al-r used ill c - o ~ ~ ~ b i r r a t i o ~ ~  with elertl-opho- 
resis and anatomical te;~tr~rcs of the soft palates, male reproductive tracts, ancl 
hilid tect to recogr~ize a11t1 diag~rosc species. TI-cat~nent of age-related variatior~ 
is particularly important to distirlguish tlrese spcries; we doclunent clualitative 
anti qu;~~~t i ta t ivc  clranges in c-1-;1nial 1no1-phology with age (toothwear cl;rss) ancl 
use regressio~~ to allow cornparison of i~~tlividuals of different ages. 
We te~~tatively pt-ol~ose t l r ; ~ t  .\110Jucll.s, purr-, ; r ~ ~ t l  t2ic nrtv specles for-111 a clacle 
wit11 Oolivr~~wb ;IS its sister grollp. This hypothesis eatirlot be sul~jccted to l0rrnal 
test, I~owrver, until the c-ontiition o t  rclrv;~nt rharac trrs i l l  po t c~~ t i ;~ l  outgroups 
is I)ettcr undrrstootl. 
Key words: Ako t lo~~ ,  I)oli\ie~~sis, puel-, (;lcnosus, I ~ ~ t e s c e ~ ~ s ,  sul~fi~scus,  pariti- 
cus, t u c ~ u n a l ~ e ~ ~ s i s ,  spegaz~inii, alterus, amrac, J u r ~ i ~ ~ r n s i s ,  arequip;~e, Prw,  Bo- 
liiltc~, Avguntincr, Rodrntio, S~~~r~o t lo?~ t r ?~ r~ r ,  South A)rl >ric(r, ~ysfe)natio, taxorroms, pip( tro- 
phnrr.tk, o?rtog~yr,artic ~c~~ir~tiotr. 
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INTRODUCTION 
The genus Akodon is one of the largest, most complex, and taxonomically 
most poorly understood groups of South American muroid rodents. Over 
90 taxa were assigned to the genus by Tate (1932), while Ellerman (1941) 
allocated 85 names to 62 species in Akodon. More recently, Cabrera (1961) 
recognized only 38 species of Akodon, 21 within the nominate subgenus, 
and Honacki et al. (1982) reduced the number of species to 33, an estimate 
that is clearly conservative. 
Within Akodon, a number of subgroups have been identified. Some have 
been recognized formally as subgenera (see recedt summaries in Honacki 
et al., 1982, and Reig, 1987), while others have been given the informal 
status of' species groups-assemblages of morphologically similar and pos- 
sibly related species (e.g., Myers, 1989; Myers and Patton, 198%; Hershkovitz, 
in manuscript). The composition of these groupings varies considerably 
from author to author, and few analyses of species limits and geographic 
variation have been undertaken for any of the taxa recognized within these 
groups (for exceptions, see Myers, 1989, and Macedo and Mares, 1987). 
The lack of adequate descriptions of species and the resulting lack of 
agreement as to the limits and relationships of species within Ahodon have 
been an impediment to investigations of virtually all aspects of the biology 
of these common animals, including their ecology, behavior, cytology, and 
physiology as well as systematics and biogeography. 
In this paper, we focus on the characterization and diagnosis of members 
of what we refer to as the "holiuiensis group" of species of the nominate 
subgenus Akodon. This group includes the type species of the genus, Akodon 
boliuiensis Meyen 1833, a taxon that we shall demonstrate is, as currently 
viewed, a composite of several sympatric or contiguously allopatric species. 
Members of this group are small, brown mice with delicate skulls that 
inhabit grasslands at high elevation in the Altiplano from central Peru to 
northwestern Argentina, and perhaps into the pampas of central Argen- 
tina at lower elevations. Our emphasis in this paper is on the northern 
areas occupied by the boliuiensis group, mainly central and southern Peru 
and adjacent areas in Bolivia. This is the area where our own fieldwork 
has centered and where the largest series of specimens are available for 
examination. We shall refer, however, to samples from other areas in 
southern Bolivia and northern Argentina. 
Our goal in this paper is to characterize species limits rather than to 
elucidate phylogenetic relationships among the species recognized or be- 
tween this "group" and others within the genus. In characterizing the 
boliuiensis complex, we do not necessarily imply that the group is a mono- 
phyletic assemblage, or that the taxa we consider as members are the only 
ones. Decisions with regard to these points must await a more thorough 
evaluation of the genus and its component parts. 
Ellerman (1941) also referred to an assemblage of species in the subge- 
nus Akodon as the "boliviensis group." Our usage of this term, however, is 
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more restricted. Ellerman placed fully two-thirds of all species he recog- 
nized in the subgenus Akodon in this group and contrasted it only with an 
Akodon "urichi" species complex. Hershkovitz (in manuscript) uses "bolivien- 
s i ~  group" to refer to 11 species of the subgenus Akodon united by small 
size. Our usage is similar to his, but he includes several species we have not 
studied. 
METHODS AND MATERIALS 
Our analyses include the standard ones traditionally used to define ro- 
dent taxa (qualitative and quantitative description of the external body, 
pelage, cranium, and teeth), but we also rely heavily on variation in aspects 
of the internal soft anatomy (particularly the alimentary canal and male 
reproductive system), comparative karyology, and on examination ofelec- 
tromorphic characters from representative geographic samples of each 
taxon we recognize. The methods used for each aspect of the study are 
defined here, and a list of all specimens examined is given in Appendices 
I and 11. 
In all sections that fbllow, we usually refer to members of the genus 
Akodon by their specific epithet alone for convenience and brevity. Refer- 
ence to members of other genera will bc by the full binomial. 
Specimens from the fbllowing museums were examined: American Mu- 
seum of Natural History (AMNH); Academy of' Natural Sciences, Philadel- 
phia (ANSP); British Museum (Natural History) (BMNH); Carnegie Mu- 
seum of Natural History (CM); Field Museum of Natural History (FMNH); 
'I'he Museum, Michigan State University (MSU); Museum of Vertebrate 
Zoology, University of California, Berkeley (MVZ); University of Michigan 
Museum of Zoology (UMMZ); Zoological Museum, University of Montana 
(UMZ); Museum of Southwestern Biology, University of New Mexico 
(MSB); Swedish Royal Natural History Museum (RNHMS); and U.S. Na- 
tional Museum of Natural History (USNM). 
Four external and 20 cranial dimensions were recorded for each speci- 
men. Cranial dimensions were measured to 0.1 mm by means of dial or 
digital calipers. Each measurement is given with the abbreviation used in 
the text and figures, as follows: 
Total length, 'TOTAL: taken from skin tag. 
Tail length, TAIL: taken from skin tag. 
Hind foot length, HF: taken from skin tag. 
Ear length, EAR: taken from skin tag. 
Condyloincisive length, CIL: distance fiom anterior edge of upper inci- 
sors to posterior face of occipital condyles. 
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Zygomatic breadth, ZB: greatest distance between the outside margins 
of the zygomatic arches (in Akodon, usually near the squamosal root). 
Braincase breadth, BB: greatest breadth of the braincase at a point just 
superior to the zygomatic root of the squamosal. 
Interorbital constriction, IOC: least distance across the interorbital re- 
gion. 
Rostral length, RL: diagonal distance from the anterior margin of the 
orbit to the anterior tip of the nasals. 
Nasal length, NL: length of the nasal bones measured at the midline. 
Rostral width, RW: breadth of the rostrum across the nasolacrimal cap- 
sules. 
Mid-rostra1 width, RW2: breadth of the rostrum measured at the top of 
the arc formed by the roots of the incisors as they pass posteriorly. 
This arc is visible as a raised curve along the rostra1 walls. 
Orbital length, OL: the greatest longitudinal distance across the inside 
of the orbit. 
Diastema length, DL: length of the diastema from the posterior margin 
of the upper incisors to the anterior margin (root) of M1. 
Maxillary toothrow length, MTRL: greatest length of the upper tooth 
row taken at the alveolus. 
Incisive foramen length, IFL: greatest length of the incisive foramen. 
Alveolar width, AW: width of the palate measured across the labial mar- 
gins of the alveoli of right and left M1s. 
Occipital condyle width, OCW: width across the occipital condyles. 
Mastoid breadth, MB: breadth of the braincase measured across the 
mastoid processes. 
Basioccipital length, BOL: length of the basioccipital along the ventral 
midline of the cranium. 
Mesopterygoid fossa length, MFL: length from the anteriormost palatal 
margin to the posterior extent of the hamular processes. 
Mesopterygoid fbssa width, MFW: width of the fossa at the point where 
the palatines contact the pterygoids (in these species, approximately 
halfway down the length of the mesopterygoid fossa). 
Zygomatic plate depth, ZP: greatest longitudinal distance, taken at ap- 
proximately mid-height. 
Cranial depth, CD: depth of skull, measured by placing the skull on a 
glass slide, measuring the distance from the bottom of the slide to the 
top of the cranial vault, and subtracting the thickness of the slide. 
Statistical calculations were performed using the Michigan Interactive 
Data Analysis System (MIDAS). Descriptions of specific techniques used 
are provided below, as are the variables included in each analysis. Capital- 
ized color terms are from Ridgway (1 9 12). 
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'The relative age of each specimen was estimated by the wear on its teeth. 
Specimens were placed in one of five age (toothwear) classes established 
following Myers (1989). Briefly, age classes 1 and 2 comprise young ani- 
mals with unworn or lightly worn teeth. Age classes 3 to 5 are made up of 
individuals with progressively more worn teeth, with the extreme (age class 
5) made up of those individuals with completely featureless, "dished out" 
molars. Sexual maturity appears to be attained by most animals during age 
class 2. 
Most cranial dimensions increase throughout the lives of these animals, 
and inevitable differences in age composition complicate comparisons of 
populations. Most variables, however, appear to increase in an approxi- 
mately linear fashion between age (toothwear) classes 2 and 5 (this pattern 
is discussed under Age Variation, p. 25), suggesting that regression might 
be used to "adjust" the measurements of each specimen statistically so that 
all individuals appear as if they were measured at the same age class. To  
accomplish this for each taxon, we regressed measurements for each vari- 
able on age (age classes 2-5) and used the resulting regression coefficients 
to adjust measurements of each specimen to a single age class (we arbitrar- 
ily chose age class 4). No adjustment was made for variables with nonsigni- 
ficant regression slopes. These age-corrected measurements of individuals 
were then used when appropriate to compare populations within a species, 
and the age-corrected measurements presented below can be interpreted 
as an estimate of each measurement in animals of age class 4. 
The advantage of this technique is that it permits simultaneous quantita- 
tive comparison of individuals that differ in age, insofar as age is reflected 
by toothwear class. It fails when size does not increase approximately lin- 
early with toothwear class. Nonlinear increase in size with increasing age 
class was found consistently in only one of the  taxa treated below, and the 
treatment of those samples will be described in the discussion of that taxon 
(a new subspecies of Akodon subfuscus from western Peru). The method also 
requires a reasonable total number of specimens, distributed similarly in 
each taxon among the four included age classes, for estimating the slope 
of each measurement on age. For most but not all taxa, the majority of 
individuals fell into classes 3 and 4. T o  insure that unequal representation 
of age classes in different samples introduced no bias into the procedure 
for age correction, we restricted the number of specimens in each age class 
of each taxon to the number of specimens present in the age class that 
contained the fewest individuals. Thus, if age class 5 contained only 17 
individuals, we randomly selected 17 individuals each from age classes 2, 
3, and 4, and performed the regression of each variable on age class using 
these 17x4=68 individuals. The resulting regression coefficients were 
then used to adjust the measurements of each variable for all specimens 
of that taxon. 
As a check on the effectiveness of the technique in reducing age-related 
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TABLE I.-Percent variation explained by toothwear class before and after age correction 
Asterisks indicate significance levels for differences among toothwear classes for each 
measurement (ANOVA; * p<0.05; ** p<0.01). The  percentages given are for Akodon 






















variation, we performed analyses of variance for each measurement for 
each taxon before and after age adjustment took place (Table 1, Fig. 1). 
Means for each age class were compared. Before adjustment, up to nearly 
70% of the variation in each measurement could be attributed to age class. 
Values over 50% were common. After adjustment, this value fell to be- 
tween 0% and 5%, and differences among age classes were usually not 
statistically significant. The growth pattern of typical measurements and 
the effectiveness of the adjustment in eliminating variation attributable to 
age is shown in Fig. 1. 
Our use of this technique will be discussed further in the section on Sex 
and Age Variation, p. 25, and in the accounts of species. 
Dissections were made of specimens preserved in formalin and stored 
in alcohol to describe the rugae of the soft palate and the morphology of 
the stomach. Terminology follows Carleton (1973, 1980). Similarly, the 
reproductive tracts of adult males were dissected to describe the anatomy 
of the accessory reproductive glands, following Voss and Linzey (1981). 
Penial morphology was examined both from study skins and from speci- 
mens maintained in fluid. The methods for treatment of either type dif- 
fered, as follows: 
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FIG. 1. Size us. age (toothwear class) for four cranial dimensions. Solid curve for each plot 
shows average value of the measurement tbr each age class; dashed curve shows means after 
adjusting values to remove the effefec-t of increasing age (toothwear class). See text for explana- 
tion. 
For specimens preserved in fluid, the glans was dissected carefully from 
the prepuce, stained lightly (1-3 hours) with 0.3% alizarin, and photo- 
graphed using a Wild M-7 stereozoom microscope and Kodak Panatomic- 
X film. Dissected glandes were maintained in 70% ethanol. Material pro- 
cessed in this fashion retains its natural shape and remains pliable, the 
epidermis remains intact, and all external and crater structures are made 
readily visible by superficial staining. These specimens permit detailed 
observations free of the distortion that normally results from clearing and 
staining dried phalli. Observations included general glans shape, surface 
features such as grooves and spines, details of the crater lip area, height 
of the lateral and medial bacular mounds, and characteristics of the ure- 
thral flaps and dorsal papilla (for terminology, see Hooper and Musser, 
1964; Lidicker, 1968). 
Dried phalli were removed from skins and soaked in distilled water fiom 
one to three days to reconstitute them. They were then lightly stained with 
alizarin, as above, and observations of surface features were made. The 
reconstituted organ retains much of its natural shape when compared to 
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those originally preserved in formalin, but details are less readily observ- 
able as the epidermis sloughs easily and warping is likely. 
After initial observation, the glans was cleared in 0.2% KOH for from 
one to four days, stained in 0.3% alizarin, and then passed through daily 
soakings in 25%, 50%, and 75% glycerin prior to storage in glycerin with 
thymol crystals added to prevent mold growth. All observations on the 
baculum were made from these cleared specimens. 
Chromosome preparations were made using modifications of the basic 
colchicine and hypotonic citrate technique of Patton (1967). For specimens 
karyotyped prior to 1984, slides were made irl/ the field by flame drying; 
more recent materials were prepared from cell suspensions that had been 
fixed in Carnoy's solution and frozen in liquid nitrogen in the field. Frozen 
specimens were brought to the laboratory where slides were prepared by 
air drying. These slides were stained either with Giemsa or Wright's stain. 
Tissue samples from 506 specimens representing 30 populations of the 
boliuienszs complex were available for analysis using horizontal starch-gel 
electrophoresis. In addition, eight specimens of Bolomys amoenm were used 
as an outgroup taxon (Patton et al., 1989). 
Twenty-one enzymes and other proteins encoded by 26 presumptive 
gene loci were examined for all populations and taxa, except that 120 
individuals from Santa Rosa [de Ayaviri] (Puno Department, Peru) col- 
lected in 1986 were examined only for the subset of loci that differentiate 
the two taxa that occur sympatrically at that locality (see below). Aqueous 
extracts of kidney were used for all systems studied; enzymes and other 
proteins examined, and the gel running conditions, are given in Patton et 
al. (1989). Alleles are designated by their mobility relative to the most 
common allele at each locus, which was set at 100. 
Estimates of' genetic divergence among populations and taxa were made 
using the genetic distance measures of Nei (1972), corrected for small 
sample size (Nei and Roychoudhury, 1974; Nei, 1978), and of Rogers 
(1972). Patterns of phenetic similarity among taxa were examined by 
UYGMA clustering (Sneath and Sokal, 1973); phylogenetic trees were con- 
structed by the Wagner distance algorithm (Farris, 1972), based on Rogers' 
D (DK), with Bolomys amoenus as outgroup. Estimates of genic heterozygosity 
were obtained from the electromorphic genotypes by direct count for each 
locus and were averaged across loci for population estimates of individual 
variability. Deviations from values expected if' allele frequencies are in 
Hardy-Weinberg equilibrium were examined by Chi-square tests for all 
localities where the total sample size was greater than 20. All calculations 
of genetic distance, variability measures, and Hardy-Weinberg deviations 
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were performed using the BIOSYS-1 program (Swofford and Selander, 
1981) on an IBM 4341 mainframe computer, as were construction of 
UPGMA and Wagner trees. 
MEMBERS OF THE AKODON BOLIVIENSIS COMPLEX 
By most current views, a single species of small, brown Akodon inhabits 
the high Altiplano grasslands of southern Peru (see, for example, Pearson, 
1982) and Bolivia (Anderson, 1985). This species is referred to as Akodon 
boliviensis Meyen, the type species of the genus Akodon. We began our 
studies of the akodont rodents of southern Peru accepting this assumption. 
Based initially on preliminary comparative electromorphic studies, how- 
ever, we came to realize that several species masquerade under the name 
boliviensis in central and southern Peru, and probably throughout Bolivia 
and adjacent Argentina. As will be shown, several of these species can be 
assigned to currently recognized names such as boliviensis, puer, and subfus- 
cus. At least one, however, appears to lack an available name and is de- 
scribed below. 
At this point, we provide the initial and subsequent electrophoretic evi- 
dence that documents the existence of several taxonomic units within this 
group. In subsequent sections, we describe elements of morphology that 
are shared by all members of the group, justify the assignment of existing 
names to each taxon (when possible), and characterize each taxon as it 
occurs in Peru and/or adjacent parts of Bolivia (the area of principal focus 
of this paper). The distribution of each taxon will be outlined insofar as it 
is known, and each taxon will be described in morphological, chromoso- 
mal, and genetic terms. We shall also suggest how certain forms from 
southern Bolivia and Argentina might be associated with this complex. 
Allele frequencies were compiled for samples representing each taxon 
of the bolivienszl- complex in Peru (these data are available by request to J. 
L. Patton). A UPGMA phenogram and a distance Wagner tree, based on 
Rogers' DR calculated for all pairs of populations, are presented in Figs. 
2A and B, respectively. These figures strongly suggest that the populations 
fall into several distinct groups or taxa. The levels of genetic differentia- 
tion for pairs of populations within and among these groups, also based 
on Rogers' DR, are given in Table 2. 
We assign the names boliviensis, puer, and subfuscus to three of the four 
groups of populations in Fig. 2; the fourth group is currently unnamed. 
Below, we justify these assignments and provide a name for the fourth 
group. 
Within each of these groups, most genetic distances range from 0.03 to 
0.05, with a maximum distance between any pair of populations equal to 
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0.086 (Table 2). These values are characteristic of differentiation at the 
level of local populations for most other rodent species (Avise and 
Aquadro, 1982; Nevo, 1978). The average level of diffserentiation for pairs 
in which each population represents a different group, however, is consid- 
erably higher, ranging from 0.10 to 0.18 (minimum 0.06; Table 2). These 
levels are characteristic of differences found between species of a genus, 
although at the low end of the range of divergences. 
In comparing these taxa, it is apparent that the group comprising sam- 
ples of the undescribed taxon from central Peru is the most strongly differ- 
entiated. This is a result of the fixation of unique alleles at both the Ck-1 
and Icd-1 loci, which greatly inflates the DR (0.409) of these populations 
relative to the outgroup taxon (Bolomys amoenus) compared with that dis- 
tance for the groups in which these alleles are not present (DR between 
0.295 and 0.352). The other three groups differ from one another by 
similar amounts, except that the subfmcm-puer distance is only about one- 
half that found between any other combination (Table 2). Each of these 
four taxa contains a moderate number of unique alleles relative to the total 
number present: boliviensis 4/39 unique; subfuscus 9/45; puer 4/36; and the 
undescribed species, 3/28. 
Do these four groups represent distinct biological species? We accept as 
demonstration of probable specific separation of two taxa their coexistence 
in sympatry or contiguous allopatry without evidence of gene flow between 
them. Two of the taxa, boliviensis and puer, are sympatric yet maintain fixed 
allelomorphic differences over a large area in the department of Puno of 
southern Peru, suggesting that they are indeed distinct species. Separation 
at the level of species is also suggested for subfuscus and the undescribed 
taxon from central Peru, as these two are found in sympatry near Puquio 
in Ayacucho Department. Finally, subfuscus lives in very close geographic 
proximity to both boliuiensis and p w r  in northern Puno and southern 
Cusco, suggesting that it is fully separated from those taxa, even though 
we know of no areas of actual contact (the morphological evidence of 
distinctiveness will be discussed in the species accounts that follow). 
To illustrate the degree to which boliviensis and puer maintain their 
distinctiveness in sympatry, we tested for Hardy-Weinberg equilibrium at 
those sample localities where both taxa occur and where the sample size 
for each was greater than 5: Pucara, puer n = 23 and boliviensis n = 14; Santa 
Rosa, subdivided by year of collection, puer n = 6 and boliviensis n = 19 in 
1985, puer n = 17 and boliviensis n = 102 in 1986. Chi-square analyses were 
performed for members of each suspected taxon at a locality separately, 
and then they were repeated, with members of both taxa pooled at each 
locality. Variable loci with rare alleles were excluded. The results are given 
in Table 3. As is clearly evident, allele frequencies at none of the loci 
deviate from Hardy-Weinberg equilibrium when each taxon is considered 
alone, but most show significant heterozygote deficiencies when individu- 
als of both taxa are pooled. This is prima facie evidence that these two taxa 
maintain separate gene pools in areas of sympatry. 
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The general level and pattern of' genetic dif'fcrentiation among boliuien- 
sis, puer, su/?fw.cus, and the fourth group support the hypothesis that each 
represents a distinct species. The level of genetic distance between sympa- 
tric boliviensis and puer is on the same order as is that between any combina- 
tion of boliuienszs, szrbfuscus, and the undescribed species from central Peru; 
only the combination of subfuscus and puer exhibits a lower degree of diver- 
gence (Table 2). 
Akodon boliuienszs GKO u P 
DIAC~NOSIS.-Members of this group can be distinguished from all other 
Akodon or akodont species by the following combination of characters: 
small size (range of mean head-body length among species, 80.5-90.9 mm; 
hind foot length, 18.7-21.2 mm; maxillary tooth row length, 3.5-4.1 mm); 
interorbital region hourglass-shaped and with rounded edges (not beaded; 
edges may be squared in the posterior part of the orbit in old animals); 
mesopterygoid fossa narrow and straight-sided, with the sides parallel or 
gradually diverging posteriorly; bullae not unusually enlarged; overall 
color medium brown dorsally (usually with olivaceous tones) and buffy or 
grayish ventrally, pattern rather uniform and without contrasting areas of 
differently colored fur; yellowish eyering weakly expressed but usually 
distinct. 
DISI.KIBU- ION.-Species of' the boliuiensi~ group are found in Peru from 
the western slopes of the Andes in Ancash Department southward along 
the western and central Andes to Tacna Department, and in the eastern 
Andes from Apurimac to Puno departments. Most localities are in grass- 
lands between 2500 m and 4500 m elevation. The group is known from 
scattered localities in the Andes and Altiplano of Bolivia also at elevations 
usually above 2500 m. Representatives occur in western Argentina at least 
as far south as Catamarca Province; Argentine populations arc known 
from elevations between 300 m and 3000 m. 
GICNEKAI. DESCKIP.I'ION.-I~ this section, we describe a number of mor- 
phological features of members of the boliviensis group. Some of these 
features are mentioned to present an overall impression of these mice; 
others are described either because they may help distinguish the group 
from other sigmodontines, or because they may play a role in the descrip- 
tion of individual species that fbllows. Unfortunately, the distributions of 
these characteristics among other members of the genus or subfamily are 
incompletely known, so that while they are descriptive, they neither can 
I;[<:. 2. Relationships anlong populatiorls of four species of the t~olivirm0 group of Akodon, 
based on Rogers' genetic distance and rooted by specifying Holon~ys amoenlu as an outgroup. 
Numbers to the right of each tree refer to samples listed in Appendix I .  A. UPGMA phe- 
nogram. The stippled boxes at basal nodes represent appl-oximate 95% confidence limits. 
rcc = 0.972. B. Wagner distance tree. l'otal tree length = 0.056; F =  4.703, i;, = 0.982. 
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TABLE 2.-Summary of Rogers' genetic distances (DR) among populations and species of the 
Akodon boliviensis complex. 
number of mean k SD range DR 
comparisons DR 
within taxa: 
boliviemis 7 0.030k0.013 0.008-0.062 
puer 7 0.045 -e 0.019 0.021-0.086 
subfuscuc 14 0.046-e 0.016 0.01 1-0.082 
new species 2 0.005 .-- 
between taxa: 
boliviensis-puer 0.156-eO.019 0.129-0.202 
boliuiensis-subfuscus 0.141 k0.018 0.105-0.178 
boliviensis-new species 0.177?0.010 0.163-0.194 
puer-subfuscus 0.101 ?0.019 0.060-0.145 
puer-new species 0.170? 0.020 0.146-0.213 
subfuscus-new species 0.152?0.015 0.139-0.189 
TABLE 3.-Deviations from Hardy-Weinberg equilibrium for variable loci at two localities of 
sympatric contact between Akodon boliviemis and A. puer in Puno Department, Peru. For each 
locality, the two taxa are examined separately and pooled. 
number of 
heterozygote 
locality/ number of number deficiencies 
combination individuals of loci (p<0.05) 












*6PGD, with a rare allele in boliuiensis, is not in statistical deviation when pooled. 
tMPI and PGM do not exhibit heterozygote deficiency. MPI has two rare alleles in boliviemis 
not found in puer; for PGM, the allele frequencies are similar between the two species at this 
locality. 
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be used to diagnose the group formally nor as an argument for its mono- 
P ~ Y ~ Y .  
External characters. Members of the boliviemis group are small, brownish 
mice (140-160 mm total length) with relatively short tails (60-70 mm), 
medium-sized hind feet (18-22 mm), and small, furry ears. In general, 
they resemble North American arvicolines in their external appearance. 
The dorsal pelage of members of this group varies considerably both 
among and within taxa, but it is always some shade of brown tinged oliva- 
ceous or gray. The dorsal fur averages 8-12 mm long over the rump and 
is fine and dense. This color is distributed more or less uniformly across 
the back from rump to crown. The dorsal pelage always appears lightly to 
heavily streaked with black due to numbers of m stly black or dark brown P guard hairs. These hairs are long, extending beyond the level of the fur 
hairs by 3 mm or more (with considerable variation in this distance among 
taxa). The tips of these hairs are usually gray or faintly buffy, paler than 
the main shaft of the hair; this pale zone is no more than 1-2 mm long. 
Fur hairs are agouti, with gray bases, a single brown pheomelanin band, 
and a black tip. The pheomelanin bands average 1-2 mm long. Variation 
in the length and hue of these bands is largely responsible for variation in 
dorsal color, with the concentration of guard hairs also playing an impor- 
tant role. The length of the black tips on fur hairs is highly variable (prob- 
ably as a result of wear) but always less than 1 mm. 
The color and color pattern of the flanks are generally similar to the 
dorsum. Flank color is usually somewhat paler than dorsal color and ap- 
pears less heavily streaked due to a decrease in the number of guard hairs. 
Cheeks are buffy but streaked with black. Pale hairs circle the eyes in each 
species, giving the appearance of narrow yellow eyerings, but the conspicu- 
ousness of these rings varies considerably among taxa. 
Ventrally, most hairs are slate gray for at least half their length. Most 
are tipped with gray, buff, or orangish bands, depending on the species 
and population. The color of the inguinal area in some individuals appears 
more intense than on the rest of the venter, in part due to lengthening of 
the pheomelanic or gray hair tips. The pattern of hairs on the throat is the 
same as on the chest. The chin sometimes has a small area of monocolored, 
white hairs, which may be difficult to see on dried skins but is obvious on 
live or fluid-preserved specimens. 
Immature (age class 1) animals share the same color and color pattern 
as adults. Their pelage is not slaty, as it is in many other sigmodontines. 
Individual hairs may be shorter than in adults and may appear woollier, 
but in general the differences are slight. 
The vibrissae of members of the boliviemis group are relatively short and 
sparse compared to those of other sigmodontines, and we found no consis- 
tent differences in number or arrangement among taxa of the group. As 
is usual for Akodon, the more ventral mystacial vibrissae are white and the 
more dorsal are dark (terminology follows Brown, 1971; Brown and Yal- 
den, 1973). Most of these vibrissae do not reach the level of the ears when 
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folded caudally on dried skins. One or two superciliary and genal-1 vibris- 
sae are present, but they are short and in fact barely distinguishable from 
guard hairs. A few white interramal vibrissae also can usually be seen. 
Ulnar carpal vibrissae are present on the forelimbs, but like the supercili- 
ary and genal series, are scarcely different from guard hairs. 
The ears of all members of the holiuiensis group are short, rounded, 
densely clothed with agouti hairs on their inner surfaces and with agouti 
or blackish hairs posteriorly. In no case is the fur in front of or immediately 
posterior to the ears contrastingly colored. 
Both fore and hind feet are whitish or pale buff on their dorsal surfaces. 
In almost all cases the hairs are monocolored (not agouti). Tufts of white 
hairs surround the claws but do not extend much beyond them. The tarsal 
pads and relative proportions of the toes are described below. 
Members of the boliuiensis group generally have relatively short tails, 
averaging 70-80% of the head-body length. The tails are sharply bicol- 
ored, with the black dorsal band confined to a narrow stripe usually no 
more than 1-2 mm wide (but in some cases occupying nearly half the 
surface of the tail). The tails are lightly to heavily invested with hairs, which 
extend the length of from 2 to 4 scales. We note some variation among 
taxa in these characteristics. 
Cranial characters (Figs. 3-6, Table 4; terminology follows Carleton, 1980; 
Musser, 1981; Wahlert, 1985; Voss, 1988). The crania of members of the 
boliuiensis group possess few features that distinguish them strongly from 
other Akodon. In dorsal view the rostrum appears short and of average 
width for the genus. The posterior ends of the nasals, which are usually 
rounded or squared, terminate at the same level as the premaxillae or 
slightly posterior to them. The zygomatic notches vary from narrow and 
shallow (the usual condition for Akodon) to relatively broad, and, as is 
commonly the case among akodonts, they deepen and broaden noticeably 
with age (see below). The zygomatic arches tend to flare laterally slightly 
to sharply, with variation attributable both to age and taxon. They are 
slender to moderately robust. In older animals the arches tend to run 
parallel in their midsections, while in younger animals they converge an- 
teriorly. Lacrimals can usually be found in cleaned skulls of most taxa of 
the group; they vary considerably in size among taxa. The frontal sinuses 
are slightly but usually not conspicuously swollen. The interorbital region 
is usually narrow and smoothly hourglass-shaped, with dorsolateral mar- 
gins that are rounded anteriorly but that may be squared posteriorly, espe- 
cially in older animals. Sharp ridges or beads that overhang the orbits, 
however, do not occur. The fronto-parietal suture forms a smooth cres- 
cent. The interparietal is of medium size in young animals, at most 5-6 
mm in breadth and 2 mm long. It decreases in size with age and is some- 
times completely obscured in old individuals. Temporal and mastoid 
ridges are usually present, weakly developed and inconspicuous in young 
animals but often moderately pronounced in older ones. These vary 
among taxa in prominence. 

TABLE 4, continued. - 
m, 
boliui- puer puer puer subfwcvs  subfuscw 
emis spegazzinii puer caenosvs lutescens subfwcvs  new ssp. new sp. 
IOC 
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Laterally, the profile of the dorsal surface of the cranium is strongly 
curved in age classes 1 and 2, but the curvature gradually decreases with 
age (see below). The paths of the incisor roots through the rostrum are 
clearly visible as raised channels on the lateral surfaces of the premaxillae. 
The posterior end of each channel, at the nasolacrimal capsule, is slightly 
to moderately swollen. In it a nasolacrimal foramen is present; its opening 
faces posterodorsally and is about the length of M2. Each zygomatic arch 
droops distinctively in its midsection to about the level of the molar 
toothrow (Fig. 3). The zygomatic plate (Fig. 4) is neither especially narrow 
(as it is in Akodon torques or Microxus mimus)  nor especially broad (as in 
Akodon nlbiventer. Its ventral root is directly beneath or slightly anterior to 
the dorsal root, so that the plate is oriented either vertically or slopes gently 
forward from top to bottom. The anterior margin of the zygomatic plate 
is flat or slightly concave. The dorsal portion of' the zygomatic plate in- 
cludes a well-developed lip of bone that forms the lateral margin of each 
zygomatic notch. 
The infraorbital foramen is a conspicuous opening for the passage of 
nerves and muscles that run between the zygomatic plate and the rostrum. 
In the bolivien.rh group, as in other Akodon, it is typically muroid in form, 
of medium size for the group, and with the dorsal portion considerably 
broader than the middle or ventral. 
Within the orbit, the optic foramen is larger in diameter than M3, but 
slightly to substantially smaller than the anterior alar fissure. There is a 
single ethmoid foramen and a single supraorbital foramen (which lies 
within the orbit, beneath the supraorbital margins). The supraorbital ar- 
tery leaves a distinct indentation, the squamoso-alisphenoid groove, along 
the alisphenoid between the bullae and the sphenofrontal foramen. An 
alisphenoid strut usually separates the buccinator-masticatory foramen 
from the foramen ovale accessorius, although this strut is missing in some 
individuals. As it exits its foramen, the buccinator nerve passes through a 
deep groove running dorsally along the posterior orbit. The foramen ovale 
accessorius and opening of the transverse canal are similar in diameter and 
about the size of M3 or slightly larger. A sphenopalatine foramen is open 
and large in old animals, but in younger ones (age classes 1-3) it is usually 
obscured by bone surrounding the molar roots. When open, it is about the 
length of M2. 
A particularly useful character in distinguishing certain species of this 
group concerns the alisphenoid. In these species and other Akodon, a part 
of the alisphenoid (referred to below as the posterior ascending process) 
projects dorsally as a narrow band running between the squamosal and 
bulla. This band varies considerably in development among species, some- 
times extending dorsally at least to the point where the squamoso-alisphe- 
noid groove can be seen to meet the bulla, and sometimes terminating well 
ventral to the groove (Fig. 5): 
Posterior to the orbit and dorsal to the bullae, the postglenoid foramina 
are of medium size for the genus and slightly larger than the subsquamosal 
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FIG. 3. Dorsal, ventral, and lateral views of crania of several members of the Akodon bol iv ia-  
sis group. First and second rows, dorsal and ventral views of A. boliviensis (left), A. puer (center), 
A. subfuscus (right). Third and fourth rows, A. bolivimis (left), A. puer (right), A. S U ~ ~ W C E ~ J  
(bottom). 
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FIG. 4. Zvgomatic plate of Akodorz h o l i ~ ~ i ~ n $ i . ~  (MVZ 17 1603, left). A. torques (UMMZ 16050 1 ,  
center), and A .  nlbivent~r (UMMZ 155939, right). 
FIG. 5. Variation in the posterior ascending process of the alisphenoid (SFF, sphenofrontal 
foramen; SAG, squamoso-alisphenoid groove). In Akodon ~ ~ I ~ ~ ~ ~ P ? I s L s ,  the process usually ex- 
tends dorsallv to o r  bevond the level of the supraorbital arterv (seen as a distinct groove 
[stippled] between the bulla and sphenofrontal foramen). This condition is indicated by the 
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foramina, but some variation in size occurs among species and is discussed 
below. The two foramina are separated by a strut of bone, the hamular 
process of the squamosal or tympanic hook, which varies in thickness and 
perhaps shape among taxa of the boliviensis group. 
Ventrally, the incisive foramina are long and narrow, ending posteriorly 
at about the level of the protocone of M1. The palate is shallowly to moder- 
ately deeply grooved and marked by a single pair of anterior and usually 
one pair of posterior palatine pits. Its posterior end (anterior margin of 
the mesopterygoid fossa) is smoothly rounded or squared, sometimes with 
a small median spine (Fig. 6). The mesopterygoid fossa is narrow and has 
straight sides, with the sides either parallel or gradually diverging posteri- 
orly. This conformation distinguishes members of the boliviensis group 
from most (but not all) other Akodon, which usually have a broader mesop- 
terygoid fossa with parallel or lyre-shaped sides. Sphenopalatine vacuities 
are generally present but vary in size. The parapterygoid plates are moder- 
ately to deeply excavated and have straight to slightly convex lateral mar- 
gins. At the posterior ends of these plates, the foramina ovale vary from 
being larger in diameter than M3 to being almost closed over by bone; just 
anterior to the bullae, the median lacerate foramina also vary considerably 
in size. 
In the region of the bullae and posterior part of the cranium, the stape- 
dial foramina are large. This, with the presence of sphenofrontal foramina 
and squamoso-alisphenoid grooves, corresponds to the pattern of cranial 
circulation Carleton (1980) described as "character state 0" or Voss (1988) 
referred to as "pattern 1." Hypoglossal and jugular foramina are present 
and well separated. Stylomastoid foramina are also present and large. 
Well-formed paroccipital processes are present and project ventrally a dis- 
tance approximately equal to the diameter of M3. 
The tympanic bullae are similar to those of most other Akodon. They are 
of medium size, flask-shaped, and with broad and short eustachian tubes. 
The periotic is visible on the posterior surface of the skull. It appears to 
be thin and is pierced by a single, large, dorsally-placed fenestra. Ventrally, 
the petrosal part of' the bulla is exposed as a wedge-shaped band between 
the basioccipital and ectotympanic, beginning at about the opening of the 
carotid canal and broadening posteriorly. By the posterior end of the bulla 
it occupies one-third to one-half the dorsoventral height of that structure. 
Within the bulla, a large orbicular process can usually be seen on the 
malleus. 
The mandibles of members of the boliuiensk group resemble those of 
most other Akodon. The rami are delicate and not especially deep. The 
coronoid process above each ramus is falciform and delicate. Its dorsal 
border lies at about the same level as the condyloid process. The sigmoid 
notch separating coronoid and condyloid processes on each ramus is fairly 
shallow and narrow, resembling that of phyllotine rodents (see Hershkovitz, 
1962) more closely than that of ichythyomines (see Voss, 1988). The angu- 
lar process is strongly developed, intermediate in size between coronoid 
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FIG. 6.  Mesoptervgoid region o f  Akodon bol iv imn (MVZ 17 1605, left), '4. kofordi (MVZ 
171666, center), and A .  hvi (AMNH 262732, right). 
and condyloid processes, and its thickened ventral border is strongly re- 
flected medially. On the ramus, the inferior masseteric ridge is raised and 
sometimes appears rugose. especially in old individuals. Posteriorly, the 
root of the incisor forms a conspicuous capsular process; this is not as large, 
however, as in many other sigmodontines. T h e  mental and mandibular 
foramina are large, and both appear to have single openings. 
D~nta l  characters (terminology following Reig, 1977). Akodon teeth are 
frustrating to study because they wear rapidly, and as they wear they lose 
much of their occlusal topology. Even relatively voung animals in age class 
2 and 3 have lost many of the smaller lophs and flexi that can be seen on 
the teeth of unweaned or  recently weaned animals. This is particularly the 
case for the upper and lower third molars, which appear completely 
"dished" and without surface structure in all but the voungest individuals. 
As a result, our  description of the details of the teeth of each member of 
the holiviemir group is based on relatively few voung animals and should 
be considered tentative, particularly with respect to the frequency of occur- 
rence of individual structures. 
T h e  upper and lower incisors of members of the holiui~nsi~ group are 
delicately constructed and lack any trace of grooves on the anterior sur- 
face. T h e  upper incisors are approximately orthodont in orientation. 
As in other Akodon, the first upper molar of members of' the holiviensis 
group appears to have six main cusps. T h e  anterior pair, the anterolingual 
and anterolabial conules, are separated by a usually deep anteromedian 
flexus and are approximately equal in size. Thev sit opposite one another 
on the tooth. The  next pair, the protocone and paracone, are equal in size 
but diagonally arranged, with the protocone anterior to the paracone. 
Similarly, the third pair, the hypocone and metacone, are equal in size to 
each other (and to the protocone/paracone) and diagonallv arranged, with 
the hypocone anterior. 
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The presence and size of secondary cusps and lophs on the M1s is rather 
variable. On the labial side of the tooth, a parastyle and anteroloph are 
usually found between the anterolabial conule and the paracone. On the 
opposite side, between the anterolingual conule and protocone, the proto- 
style that is seen in some sigmodontines is almost always absent. A meso- 
loph and mesostyle are usually present and conspicuous between the para- 
cone and metacone, and an enterostyle is occasionally found between the 
protocone and hypocone. A posteroloph is almost always present along the 
posterior border of the tooth, but the posteroflexus that separates it from 
the metacone is shallow, so that the posteroloph is small and appears 
poorly defined. 
The anterior border of the M2 lacks an anterolingual conule. A conspicu- 
ous cingulum, perhaps homologous with the anterolabial conule, runs 
from the midline of the tooth to the labial border. Protocone, paracone, 
hypocone, and metacone are as in M1. Also as in M1, M2 usually has a 
mesoloph and/or mesostyle, usually lacks an enterostyle, and has a small 
and poorly defined posteroloph. 
The third upper molar varies considerably in morphology among the 
taxa of the boliuiensis group, and its morphology will be described in the 
account of each species. In its most complex form it is large, over half the 
length of M2, and has a well-defined metaflexus and hypoflexus, giving it 
a distinctive "8" shape. At the other extreme it is considerably smaller than 
half the size of M2 and is oval in outline. 
The first lower molar, like the first upper, has six major cusps. The 
anterior pair, the anterolabial conulid and anterolingual conulid, are oppo- 
site one another and separated by a conspicuous anteromedian flexid. The 
anterolingual conulid is equal to or slightly smaller than the anterolabial 
one. The next pair of major cusps, the protoconid and metaconid, are 
arranged diagonally with the metaconid slightly anterior to the protoconid. 
They are approximately equal in size. The third pair, the entoconid and 
hypoconid, are also arranged diagonally with the entoconid slightly ante- 
rior. They are approximately equal in size. 
Between the anterolabial conulid and protoconid can usually be found 
a small protostylid, often connected to the anterior mure by a well-devel- 
oped loph. On the lingual side of the tooth, between anterolingual conulid 
and metaconid, a metastylid is occasionally present but if so, tiny in size. 
An ectostylid can often be found between protoconid and hypoconid, but 
it also is usually tiny. Opposite it, between metaconid and entoconid, a tiny 
mesostylid is occasionally present. 
On the posterior part of the tooth, a deep posteroflexid separates a 
conspicuous posterolophid from the rest of the tooth. This structure, while 
relatively large, lacks any recognizable posterostylid. 
The second lower molar contains four major cusps arranged in two 
pairs, presumed to be the protoconid-metaconid and hypoconid-entoco- 
nid. These are arranged diagonally with the lingual member of each pair 
slightly anterior to the labial. The anterolingual conulid is always missing, 
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while a distinctive cingulid, running from the middle of the anterior face 
of the tooth to the labial margin (perhaps a homologue of the anterolabial 
conulid) is sometimes present. A small ectostylid is sometimes found be- 
tween protoconid and hypoconid; the mesostylid is missing or if present, 
is tiny. As in MI, a posteroflexid is present and defines a conspicuous 
posterolophid. 
The third lower molar is reduced, but not as much so as the third upper 
molar. As in M2, four cusps are present. The posterolophid is missing, 
however, so that the tooth has an "8" shape. A trace of an anterolabial 
cingulid is sometimes seen. 
Female reproductive tract. Females have four pairs of nipples, two each in 
the axillary and inguinal regions. The uterus is duplex, and large preputial 
glands lie on each side of the clitoris. These features are common to most 
Akodon (e.g., Myers, 1989). 
Male accessory glandc. Fluid-preserved specimens are available for repre- 
sentatives of boliviensis, subfwcw, and the undescribed species from central 
Peru described below. These have the standard akodontine complement 
of accessory glands as described by Voss and Linzey (1981). These include 
single pairs of large preputial, bulbourethral, vesicular, and ampullary 
glands; a double pair of ventral prostates; and unpaired dorsal and ante- 
rior prostates. The medial ventral prostates are small, as is characteristic 
of Akodon in general, although in the materials available to us they appear 
to vary somewhat in size among taxa. The vesicular glands of' each of these 
three taxa are generally lobed medially and along their greater curvatures 
but differ in details of surface structure. 
Glans penis and baculum. In general, both the phallus and baculum are as 
described for Akodon by Hooper and Musser (1964:23): "glans externally 
plain, with middorsal and midventral troughs but no more than traces of 
parotoid lobes, its spiny investiture as in Oryzomys; bacular mounds erect, 
the medial one longer, but no larger in diameter, than the lateral pair; 
that pair closely appressed to the medial; . . . dorsal papilla spinous, at least 
apically; . . . urethral flap relatively long and divided in its distal one-half 
or  three-fourths into two attenuate erect processes; ventral face of the flap 
spinous in most if not all species." Differences among taxa will be discussed 
below. 
The baculum is shorter than the glans and divided into a proximal bony 
element with a straight shaft and flared base, and a well-developed tridigi- 
tate distal cartilaginous element. Departures from this general condition 
that differentiate species of the boliviensis group are also given below under 
each account. 
Stomach. Stomachs of the members of the boliuiensis group have the basic 
unilocular and hemiglandular anatomical design that characterizes all 
known Akodon (following Carleton, 1973; and personal observations). The 
incisura angularis is shallow in all specimens; the bordering fold has its 
origin either just medial to the incisura angularis (boliuiensis) or caudal to 
it (subfuscus, puer, and the undescribed taxon from central Peru); and the 
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bordering fold courses in a straight line to separate the corpus from the 
antrum of the stomach. 
Palatal rugae (Fig. 7). Two complete (diastemal) and four incomplete 
(interdental) palatal rugae (terminology following Carleton, 1980) charac- 
terize all Akodon that we have examined to date, including boliwiensis, puer, 
subfuscus, and the undescribed species. Differences in the shape of these 
ridges that characterize each species based on material available are noted 
in the individual accounts, below. 
Plantar surfaces of feet (Fig. 8). The plantar surfaces of the fore and hind 
feet are similar in all Akodon (s.s.) examined to date. The three interdigital 
and two metacarpal pads on the manus do notdiffer in size or position 
among the species of the boliviensis group examined. All individuals have 
a reduced pollex that lacks a claw, a condition typical of most muroid 
rodents. Six separate tubercles are present on the hind foot (terminology 
follows Brown and Yalden, 1973). Two of these are on the metatarsal pad 
and four (the interdigitals) are at the base of the digits. In all four species 
of the boliuiensis complex, the lateral metatarsal tubercle (hypothenar, 
LMT) is relatively large, nearly subequal in size to the interdigital tuber- 
cles. The distal edge of the medial metatarsal tubercle (thenar, MMT) 
typically just reaches the LMT and is positioned approximately midway 
along the sole of the foot. The hallux in all species is well developed, and 
the fifth toe is long, with its fleshy tip extending well beyond the base of 
digits 2-4. 
Karyotype. The diploid number is either 34 or 40, and the number of 
autosomal arms is 40 or 42. The autosomal complement of the 2n=40, 
FN = 40 karyotype includes one pair of very small metacentric elements, 
with the remaining chromosomes consisting of a single pair of large acro- 
centrics and 17 pairs of acrocentrics that grade evenly in size from medium 
to small. The 2n = 34 karyotype differs by possessing three pairs of large 
biarmed and six fewer uniarmed elements than in the 2n = 40 karyotypes. 
The morphology of the X and Y chromosomes vary among the species in 
the group (see accounts, below). 
In studying the morphology of the species of this group, as in any taxo- 
nomic study of mammals, we had to recognize and take into account two 
potentially important sources of variation that are unrelated to differences 
among the groups studied, variation due to sexual dimorphism and vari- 
ation due to growth (age). Several common patterns have emerged from 
these studies; these will be documented here, and differences among taxa 
will be explored in the species accounts that follow. 
AGE VARIA-TION.--Quantitative analysis. Individuals of each taxon con- 
tinue to increase in most cranial dimensions as long as they live. Plots of 
variable measurements against age class fell into three general categories. 
In the first, size continued to increase at a rapid rate even between the 
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FIG. 7. Palatal rugae of members of the Akodon bolivien~G group. A. A. boliviensis (MVZ 
172380). B. A. puerpuer (AMNH 260447). C .  A. puer lutescen~ (MVZ 172382). D. A. subfuscw 
subfuscus (MVZ 172368). E.  A. subfuscus new subspecies (MVZ 174366). F. A. new species 
(AMNH 232641). 
FIG. 8. Details of the plantar surface of the left hind foot of five taxa of the Akodon boliuiensis 
group: A. A. boliviensis (MVZ 173641). B .  A. puer lutescells (MVZ 172382). C. A. puer puer 
(AMNH 260451). D. A. subfuscus subfuscus (MVZ 172365). E.  A. new species (AMNH 232641). 
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oldest age classes, 4 and 5 (Fig. 1). Most variables representing cranial 
lengths fell into this category, including CIL, RL, NL, OL, DL, IFL, BOL, 
ZP, and MFL. Other variables with this growth form were RW, RW2, and 
AW. TOTAL, TAIL, and EAR also appeared to grow continuously. 
In a few variables, growth appeared to slow somewhat in mice of age 
classes 4 and 5. These included variables representing the breadth of the 
braincase and orbit (BB, IOC, MB, OCW), the toothrow, and the hind foot. 
Total growth in these measurements ( i .e . ,  size at age class 2 compared to 
size at age class 5) was generally much less than in the first category. While 
size in these measurements did not change linearly with age, the deviation 
from linearity was generally small, and age adjustment was carried out as 
described above. 
A third group of measurements scarcely changed with age. This group 
included width of the mesopterygoid fossa (MFW) and cranial depth (CD). 
Age adjustment had no effect on these measurements. 
These patterns are striking and crucial to recognize if comparisons are 
to be made among populations that differ in age structure, but viewed 
independently they give an incomplete picture of the relative importance 
of growth in each dimension in determining the overall change in cranial 
size. To investigate this aspect of growth in each species, we performed 
principal components analysis for each taxon, based on variance-covari- 
ance matrices and using log transformed data (Bookstein et nl., 1985). The 
loadings for the first component were mostly positive and generally varied 
within a fairly narrow range, suggesting that this component could be 
interpreted as representing variation in overall size. If most size variation 
is due to growth, as seems reasonable in a sample that includes animals 
ranging from recently dispersed young to individuals whose teeth are worn 
to the gums (the correlation between age class and score on this axis is 
given in Table 5 for each species), then the loadings on PC1 estimate 
allometric coefficients of each variable on growth when they are rescaled 
so that their squares sum to the number of variables (Strauss and Fuiman, 
1985). 
These allometric coefficients are presented in 'I'able 6. Measurements 
that consistently grew with strongly positive allornetry (coefficients > 1.10) 
included length measurements from the entire skull (CIL) and especially 
from the anterior part of the cranium (RL, NL, DL, IFL, ZP), and also a 
measure of basicranial length (BOL). Measurements that grew slowly (co- 
efficients consistently < 0.90) included ZB, most dimensions of the brain- 
case (BB, MB, OCW, CD), IOC, and those involving the toothrow (AW, 
MTRL). Measurements of rostra1 breadth (RW, KW2) had coefficients 
near unity, as did OL. 
Generally, these species of Akodon are relatively similar in their patterns 
of' allometric growth, although occasionally species cxhibit quite different 
coefficients for individual measurements. These differences are difficult 
to interpret, however, because confidence intervals for the allometric coef- 
ficients were not available. 
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TABLE 5.-Correlation between first principal component scores and toothwear class. Akodon 
new sp. and sub fwcw new ssp. are described below. 
Taxon n r 
boliviensis 
puer lutescens 
s. sub fwcw 
subfuscw new ssp. 
new sp. 
To compare these differences, we computed coefficients of vector corre- 
lation for all pairwise comparisons of the PC1 scores on which Table 6 is 
based. These coefficients, calculated as the inner product of the variable 
loadings, are the cosine of the angle between each pair of vectors (Morri- 
son, 1967; Voss, 1988). A value of unity indicates that the vectors are 
parallel, while a value of zero results when they are orthogonal. In each 
comparison, the coefficients were 0.96-0.99, indicating that the vectors for 
each of the Akodon species appear to be nearly parallel. This suggests that 
growth in cranial dimensions is very similar among these species. 
The finding that measures associated with lengths of the anterior part 
of the skull in these taxa tended to increase most rapidly with age is in 
agreement with results for other muroid species (Moore, 1981; Dos Reis, 
1985; Voss, 1988; Myers, 1989). The continuing growth of basioccipital 
length and its strongly positive allometry may be related to the tendency 
of the skulls to flatten in lateral view (i.e., for the degree of basicranial 
flexure to decrease) as animals age (see below). This pattern is also consis- 
tent with the low allometric coefficients for cranial depth for all species. 
Qualitative variation (Fig. 9). Most changes in the general appearance of 
crania related to age can be anticipated from the patterns of quantitative 
variation documented above. Skulls increase substantially in length and 
somewhat less in breadth. Growth is most noticeable in the anterior part 
of the skull. The rostrum of older animals appears distinctly longer and 
proportionately narrower than that of younger animals, the zygomatic 
plate deepens, and the distance across the zygomatic arches increases. 
Several other changes common to all of the taxa in this study are not 
shown by the analysis of measurements, although they are conspicuous in 
an age-ordered series of crania. On the dorsal skull, the zygomatic notches 
broaden due to the outward flaring of their anterolateral margins. The 
distance between the zygomatic arches also increases and, as a result of 
their increasing distance from the orbit and perhaps changes in the angles 
the roots form with the cranium, the arches appear to flare laterally. There 
is a striking decrease in the area of the interparietal. Temporal ridges 
develop as thickenings running posteriorly from the orbits along the parie- 
tal-squamosal border; they terminate in mastoid ridges that run dorsoven- 
trally along the border formed between the squamosal and occipitals. 
These ridges increase in size and conspicuousness as animals age. On the 
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FIG. 9. Age variation in crania ofAkodon boliviensis. First and second rows, dorsal and ventral 
views of MVZ 17291 1 (left, age class 1); MVZ 171602 (center, age class 3); UMMZ 155858 
(right, age class 5). Third and fourth rows, lateral views of MVZ 17291 1 (left), MVZ 171602 
(right), and UMMZ 155858 (bottom). 
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lateral surface of the cranium, the tympanic hook becomes noticeably 
thicker. The profile of the skull as seen from the side flattens, as already 
mentioned, especially in the oldest animals. Finally, on the ventral surface, 
the palate becomes more conspicuously grooved in older animals, and 
posterior to it the parapterygoid plates become more deeply excavated. 
SEXUAL D ~ M O K P H ~ S M . - - M ~ ~ ~ S  tend to average 1-2% larger than females 
in most cranial dimensions. This difference was significant when all vari- 
ables were considered simultaneously in A. boliviensis (MANOVA, 
F = 1.675, df = 20,226, p<0.040) and populations of subfuscus from Are- 
quipa Department, Peru (F = 2.792, df = 20,133, p<0.001), but not puer 
lutescens (F = 0.654, df = 20,27, p = 0.83), subfuscus populations from Cusco 
and Puno departments in Peru (F = 0.953, df = 20,154, p = 0.52), or the new 
species described below from central Peru (F = 1.630, df = 20,40, p = 0.09). 
We noted no tendency for particular measurements to be consistently 
more dimorphic than others. We conclude that sexual dimorphism in these 
mice is slight and certainly less important as a source of within-species 
variability than age variation (even among the adult age classes) or in most 
cases geographic variation (see below). 
COMPARISONS WITH OTI-IEK SYMPATKIC Akodon 
Many species of the genus Akodon are similar in cranial and external 
morphology and can be extremely difficult to distinguish. Further, most 
descriptions in the literature are sketchy at best. For these reasons, we 
begin by comparing members of the boliuiensis group with other Akodon and 
members of certain related genera that resemble Akodon and have overlap- 
ping distributions. 
In general, the boliviensis group includes the smallest members of the 
genus within any sympatric assemblage of akodonts. Other akodonts from 
central Peru south into northwestern Argentina that approach members 
of the boliuiensis group in size include albiventer, andinus, fumeus, kofordi, 
mollis, sylvanus, and Bolomys amoenus; others, such as aerosus, siberiae, simula- 
tor, torques, varius, Microxus mimus, and Chroeomys jelskii are considerably 
larger and/or quite distinct in color and color pattern. Selected measure- 
ments of a few individuals from populations of these taxa are given in 
Table 7. 
Akodon aerosus Thomas (Fig. 10A) occurs in close elevational proximity 
to subfuscus in the Sangaban Valley of northern I'uno Department, Peru, 
and probably in nearby La Paz Department, Bolivia. It occupies upper 
montane forests (at elevations below those of torques on the eastern Andean 
slope in southern Peru) and ranges in the eastern Andes at least from 
Ecuador to central Bolivia. Compared to members of the boliviensis group, 
aerosus from southern Peru and Bolivia is much larger in body size and has 
a nearly naked but moderately long tail. It is uniformly darkly colored, 
typically a deep blackish or reddish brown dorsally and also dark ventrally, 
with gray-based but buffy-tipped hairs. It lacks an eyering. The skull is 
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FIG. 10. Dorsal and ventral views of  crania of  some akodonts. A. From left to right, Akodon 
aProsi1.Y (MVZ 172793), A. kofordi (;11\.'7, 116105). A.  mollis (MI'7, 173060), and A. torqws 
( U M M Z  160501). 
strongly built, with a short and broad rostrum, verv broad interorbital 
region, vertical and wide zvgomatic plate, broad mesoptervgoid fossa, and 
long maxillarv tooth row. 
Akodon a lh iua t~r  Thomas (Fig. IOB; we include h~rlep.~chii Thomas) 
ranges widelv across the southern Altiplano from the Cordillera Occidental 
in Arequipa and Tacna departments in Peru to Salta in northern Argen- 
tina and also to northern Chile. In Peru, it prefers dense tola shrubs o r  
rock walls (Pearson, 1951). It is a mouse of moderate to small size (similar 
to holiuiemi.~), with comparativelv short and coarse fur. T h e  dorsal pelage 
is dark grav sprinkled with silver in northern localities, paler vellow brown 
in more southern ones, while the ventral pelage is pale and stronglv con- 
trasts with the dorsal. T h e  skull is about the size of that of holivi~nsis, but 
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FIG. 10B. From left to right. Akodon n l h i ~ ~ ~ n t ~ r  (UMMZ 1.55939), A,  andinlls (MVZ 174061), 
Chropomy jplskii (MI'Z 174280). and Rolomyr nrnopnlls (MVZ 172892). 
with shallower and narrower zygomatic notches, much larger tympanic 
bullae, shorter maxillary toothrows, and more proodont upper incisors. 
Akodon andinus (Philippi) (Fig. 10B) is a denizen of the higher elevations 
of the Altiplano from southern Peru to northwestern Argentina. It is 
found in open habitats of sparse and low-stature bunchgrass and small 
shrubs on hard soil pavements, in contrast to the denser and lusher surrales 
of bunchgrass and tola shrublands characteristic of species of the boliuiensi~ 
group (Pearson, 1951). This species is readily distinguished by its usually 
slightly smaller body size (shorter body and tail length); usually whitish as 
opposed to vellowish undertones to both dorsal and ventral color (some 
specimens from Arequipa Department, however, tend to be yellowish and 
similar in bodv color to members of the holiui~nsi.~ group); white rather than 
vellow evering; small but distinct white postauricular patches; broad and 
well-haired hind feet; furry tail; distinctive skull with short rostrum, broad 
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braincase, and enlarged, globular bullae; elongate and tapering rather 
than barrel-shaped phallus; and 211 = 52 rather than 2n = 40 or less diploid 
complement. 
Akodon duyi Osgood is a large Akodon known primarily from damp forests 
at intermediate and low elevations in Bolivia. It resembles Akodon uarius 
and A. simulator in many features of cranial and external ~norphology 
(Myers, 1989). Its large size (MTKL averages 4.8 mm), pronounced su- 
praorbital ridges, and short and broad rostrum immediately distinguish it 
from rnemhers of the boliuiensis group. 
Akodon fi~meus Thomas is known from the eastern Andean slopes at the 
moist grassland-elfin forest interface in extreme southern Peru and Bo- 
livia. It shares general size, cranial, and pelage color characteristics with 
mollis (with which it has been linked by Cabrera, 1961; Gyldenstolpe, 1932; 
Myers and Patton, 198%; and Hershkovitz, in manuscript) and can be 
distinguished from sympatric or contiguous populations of the boliuiensis 
group by the basic characteristics listed under mollis, below. It occurs at 
slightly lower elevations than the boliuienszs group species on the eastern 
slope (Myers and Patton, 1989a). 
Akodon kofordi Myers and Patton (Fig. 10A) is known from the Limbani 
and Marcapata drainages of southeastern Cusco and Puno departments, 
Peru. It is very similar to fumvus and mollis but can be distinguished from 
those species by the combination of its lyre-shaped mesopterygoid fossa, 
M1 with an island apparently formed from part of the paraflexus, oliva- 
ceous pelage, and unicolored tail. It occurs sympatrically or nearly sympa- 
trically with subj'u,scus, and in fact the series of "topotypes" listed in the 
description of subfusc7ls (Osgood, 1944) contains several examples of- 
kofordi. 'The two can be distinguished by kofordi's broader mesopterygoid 
fossa, M1 with an island, unicolorcd tail, and dark feet. 
Akodon mo1li.s Thomas (Fig. lOA), an inhabitant of the montane regions 
and Pacific lowlands from central Peru northward, is very similar to mem- 
bers of' the boliviensis group, with which it may occur sympatrically in the 
southern part of its range. It is somewhat larger in all external and most 
cranial dimensions, with longer maxillary toothrow (average 4.1 mm us. 3.7 
mm), darker dorsal and ventral color, brown rather than yellowish pinna 
and shorter pale tips to the ventral fur. In most individuals of mollis, the 
mesopterygoid fossa is conspicuously broader than in boliuiensis or its allies. 
Where sympatric with an undescribed member of the holiuifnsis group 
(described below) in central Ancash department, mollis occurs in denser 
shrub habitats on moister slopes with better drained soils (field notes of 
Carl Koford in MVZ files). In central Junin Department, mollis occurs at 
lower elevations than this undescribed species (below about 3000 m) along 
transects on the eastern slope. 
Akodon siheriae Myers and Patton is a newly described species, similar to 
Akodon budini of' northern Argentina. It has been collected in the elfin 
forests of the departments of Cochabamba and Santa Cruz, Bolivia, where 
it is sympatric with Akodonfumeus and Microxus m i m u  and narrowly ecologi- 
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cally segregated from Ahodon puer (which occurs in grasslands at higher 
elevations, contiguous with elfin forests; Myers and Patton, 198913). From 
puer, siberiae differs by its large overall size, dark blackish-brown coloration, 
lack of an eyering, large skull with long palate, flat profile, rounded but 
very broad hraincase, rounded but broader interorbital region, shallow but - 
broad zygomatic notches, narrow but relatively vertical zygomatic plates, 
weak and not flared zygomatic arches, and long incisive foramina. 
Akodon simulator Thomas is a member of' the "varius" group (Myers, 
1989). It is a large, gray or brown mouse with prominent buffy eyerings 
and cheeks, divergent and squared interorbital region, broad rostrum, 
well-developed temporal and mastoid ridges, long palate, and deep and 
broad zygomatic notches. It is found in sympatry with two members of the 
bolzuiensis complex in northwestern Argentina (Barquez et al., 1980). 
Akodon sylvanus Thomas is probably close to mollis and fumeus, although 
others have considered it to be related to A .  azarae (e.g., Thomas, 1921; 
Cabrera, 1961). The type locality is in "thick damp woods at 1200 to 2000 
metres" in Jujuy Province, Argentina, and it has also been reported from 
Tarija Department, Bolivia (Thomas, 1926a). We have examined three 
specimens from El Simbolar, Jujuy (CM 43392,43394, and 43396) that are 
probably this species. 'l'hey are approximately the size of moll&, slightly 
larger than boliviensis. Dorsally, they are dark gray-olivaceous, much 
darker than most boliviensis-group species. The tops of their feet are 
clothed with dark hairs, unlike any member of the boliviensis group. The 
tail is only weakly bicolored, and the chin and throat lack any all-white 
hairs. The cranium is similar to that of mollis in general confbrmation. The 
foramina ovale are unusually large, and the bullae also appear larger than 
usual for the genus. Compared to typical boliviensis, these specimens are 
larger, have proportionately larger teeth, a wider mesopterygoid fossa, 
and a longer rostrum. 
Akodon torques (Thomas) (Fig. 10A) inhabits the upper elfin forest on the 
eastern slope of the Andes in Ayacucho and Cusco departments in south- 
ern Peru at elevations from about 2000 m to 3500 m. It is sympatric with 
subf'uscus in these regions but segregated by habitat, being found most 
commonly in the dense moss mats under canopies formed by trees or large 
shrubs, while subfuscus is present in adjacent clumps of tall, lush 
bunchgrass. This species is considerably larger in overall size than subfus- 
c w ,  with a nearly naked, much longer tail (approximately 98% of head- 
body length, compared to 76% for subfuscus). It is rather uniformly dark 
gray brown above and below, and it lacks a distinct eyering. The skull is 
much larger, with a more elongate rostrum; a narrow, posteriorly slanting 
zygomatic plate; and a much longer maxillary toothrow. 
Ahodon varius Thomas is a large, brownish mouse, heavily streaked with 
gray and with pale eyerings. Its skull has pronounced supraorbital ridges 
that form sharply squared sides over the interorbital region, a rather short 
and broad rostrum with short incisive foramina and diastema, and a long 
maxillary tooth row. It occurs along the eastern Andean escarpment in 
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Bolivia, from Cochalr)amba probably to Tarija Department (Myers, 1989), 
but usually at lower elevations than members o f the  holiviensis group. 
Bolomys amoenus Thomas (Fig. 10B) is sympatric with Akodon bolivienszs, 
puer, and subfu,~.scus in the high elevation grasslands of the departments of 
Cusco, Puno, Arequipa, Moquegua, and Tacna in Peru, and in adjacent 
Bolivia. It is easily distinguished by its somewhat larger size; short and 
coarse fur; long claws on the fore feet; distinct yellow-orange suffusion 
dorsally, particularly around the face, eyes, Icgs, feet, and tail, contrasting 
with a white venter; and cranium with short rostrum but strongly proodont 
incisors. 
Chroeomys jelskii Thomas (Fig. 10B) is also a resident of the high elevation 
grasslands of the Altiplano, froni Pasco Department in central Peru to 
northwestern Argentina (Sanborn, 1947). It is synlpatric with each of the 
four Peruvian and Bolivian species of the holiviensis group at some point 
in its extensive range. It is readily distinguished from these species, how- 
ever, by its larger size and highly distinctive pelage color and color pattern. 
In central Peru, C. jelskii is gray above with orange-tipped hairs, a paler 
buffy venter, and with an orange nose, face, ears, feet, and tail. In south- 
ern Peru, members of this species have chocolate brown to reddish brown 
upperparts, white underparts, with an orange nose and orange tinge on 
the feet, but with very distinctive white thighs, pinnae, and postauricular 
patches that are usually confluent with white cheeks and throat. Cranially, 
C. ,jelskii can be distinguished from members of thc holiviensis group by  its 
large size, broad mesopterygoid fossa, no alisphenoid strut, relatively large 
bullae, arid numerous other characteristics. 
Microxus rnimus (Thomas), like Akodon torques, inhabits the upper elfin 
forests on the eastern Andean slopes. It replaces torqups geographically in 
these habitats from Puno Department of Peru to eastern Cochabamba 
Department in Bolivia. Microxus ,mimus is a rnouse of moderate size and 
uniformly gray-brown color above and below, without an eyering, and with 
an absolutely and proportionately long tail (usually longer than the head- 
body length). Its skull is gracile and has a very elongated rostrum and 
narrow, posteriorly slanting zygomatic plates. Virtually all of its features 
are accentuations of those described above for lorques. It is currently known 
to be sympatric, but segregated by habitat, with purr in east-central Bolivia 
but not elsewhere along the eastern slope. 
Other named fbrms of Akodon that havc been identified in the geo- 
graphic area encompassed by this study are treated in the accounts that 
follow. Included among thesc are n l t ~ r u s  Thomas, azarae (Fisher), caenosw 
Thomas, lutescens J .  A. Allen, paczficu*~ Thomas, spegazzinii Thomas, and 
tuc,umanensis J.  A. Allen. 
ACCOUNTS OF SPECIES 
We begin our discussion of' species of the Akodon boliviensis group with 
the description of a new species from central Peru. We then provide 
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emended diagnoses, descriptions, and discussions of variation for the spe- 
cies A. holiviensis (the typc species of Akodon), A. puer (including A. p. lutes- 
cens and A. p. caenosw), and A. subfwcus (including the description of a new 
subspecies). 
Recent collections from Junin and Ayacucho departments include an 
Akodon that is very similar morphologically to members of the boliviensis 
group from nearby areas in Ayacucho and Apurimac departments, but 
that stands out electromorphically. Further collecting and study has shown 
that this fhrm differs morphologically from all other Akodon in ways that 
arc consistent but oftcn subtle. We name this form 
Akorlon juninensis new species 
Ho~o~rul~k:.-MVZ 1'73044; adult female (age class 3-4); skin, skull, and 
tissues; collected 7 August 1986 by J .  L. Patton, original no. 13390. 
'TYI.~.: LOC:AI.I-I.Y.-~~ km N La Oroya (by road), Depto. Junin, Peru, 
4040 m (at the junction of roads to Junin [Hwy 31 and Tarma [Hwy 201). 
DIAGNOSIS.-Akodonjwninensis is a species of the holiviensis group charac- 
terized by the following combination of characteristics: overall size inter- 
mediate (Table 4); zygomatic notches small and shallow; zygomatic plates 
narrow; posterior ascending process of the alisphenoid usually contacting 
the squamoso-alisphenoid groove; postglenoid and subsquamosal foram- 
ina small; foramen ovale completely or  almost completely walled over by 
bone; small but distinct metaflexus on M:3; anteromedian flexus on M 1  
usually shallow; phallus with a moderately well-developed crater rim and 
relatively short urethral flaps; uniquely fixed alleles at two allozyme loci 
(Ck-1 and ICD-I) (see above, p. 9). 
RANC;E.-AkodonjuninensG is known from elevations above 2700 m in the 
central Peruvian departments of Ancash, Junin, and Lima on both eastern 
and western escarpments of the  Andes, south on the Pacific slope to south- 
central Ayacucho (Figs. 1 1, 12). 
D~sc;~~l~rro~.-Externnl  characters. The  dorsum is medium brown to pale 
olivaceous, heavily lined with black. Fur hairs average 10-1 1 mm long in 
the midrump region. Pheomelanin bands on individual fur  hairs are 1.0- 
1.5 mm long and Warm Buff to Ochraceous Buff (depending on the popu- 
lation). Black guard hairs are moderately dense and long, projecting 5-7 
mm beyond the level of the fur on the rump. In the midventral region 
approximately 80% (of each hair is slate gray, with the tips whitish or  buffy. 
T h e  inguinal region appears similar to the midventral area. Hairs on the 
chin and sometimes the upper throat are monocolored and white. 
As in other members of the group, the ears of juninensis are densely 
furry, with individual hairs agouti; the vibrissae are short and relatively 
inconspicuous; and a yellowish cyering is present (but inconspicuous com- 
pared to that of most other members of the group). 
The  tail is densely furred and sharply bicolored; the dark stripe occupies 
the dorsal one-third of the circumference of the tail. Individual hairs on 
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Frc:. 1 1. Distrit~ution of'the species of the Akodon bolivienti.\ group. The  geographic relation- 
ship of members of this group to A. molli.\ in rentral Peru is also indicated. Lines A through 
C: refer to the elevational profiles or species distl-ibution in Fig. 12. 
the tail run the length of 2.5-3 scales. The length of the tail is approxi- 
mately 7 1% of the head-body length. 
Cra,nial characters (Fig. 13). Dorsally, the cranium appears relatively nar- 
row (Table 4). l 'he zygomatic notches of,juninensi.r seem especially narrow 
compared to those of other species of'the holiuienszs group, appearing com- 
pressed, but this difference can only be appreciated if individuals of the 
same age are compared, and the difference appears less in older individu- 
als. The interorbital region is hourglass-shaped; its sides are rounded an- 
teriorly to squared or nearly squared in the posterior part of the orbit. 
L. '1~rimals . ' are usually present but very small. The zygomatic arches are 
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FIG. 12. Elevational and horizontal distributions of species of Akodon along three west to 
east transects from central to southern Peru (see Fig. 11). Elevational topography is provided, 
as are department boundaries, major drainages, and large cities. Altiplano species have very 
broad horizontal distributions; those on the eastern slope, in contrast, have very nan-ow 
elevational limits. 
only slightly flared and ZB is correspondingly small. Temporal and mas- 
toid ridges are absent or weakly developed. 
The transverse section of the skull at the level of interorbital constriction 
is rounded, so that a skull placed on its dorsal surf'ace tends to roll onto its 
side. 
In lateral view, the dorsal profile of the cranium is relatively flat to gently 
rounded. The zygomatic plates appear more reclined and somewhat nar- 
rower than is usual for the group. The posterior ascending process of'the 
alisphcnoid reaches dorsally to or almost to the squamoso-alisphenoid 
FIG. IS. Crania o f  ,4kodon junt?lrrz.v.\. First and second rows, dorsal and ventral views of (left) 
MVZ 17,7042 (age class 2), (center) MVZ 173044 (age class 3) .  and (right) MVZ 173041 (age 
class 5). Third and fourth rows, lateral views o f  XfVZ 173042 (left), hlVZ 17,7044 (right), and 
MC'Z 17304 1 (bottom). 
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groove. Both the postglenoid and subsquamosal foramina tend to be 
smaller than in other members of the group, but like-age animals must be 
compared for this to be appreciated. The tympanic hook is slender to 
medium-sized. 
Useful characteristics on the ventral surface of the cranium include the 
following: the palate is deeply grooved; the mesopterygoid fossa is broad 
(Table 4) with the anterior end usually gently rounded to squared and 
lacking a median spine; the foramina ovale are very small, at most attaining 
the size of M3 and sometimes completely closed by bone; the median lacer- 
ate foramina are unusually narrow; and the sphenopalatine vacuities are 
of average size for the group. 
Akodon juninensG appears to differ slightly from other members of the 
group in the allometric coefficients describing cranial growth (Table 6). It 
has unusually large coefficients for measurements of anterior length (DL, 
IFL, ZP), and strikingly small coefficients for other measurements, includ- 
ing BOL and two measurements of cranial breadth, MB and RW2. These 
coefficients appear to describe a pattern in which crania become relatively 
longer and narrower as they age compared to the crania of other members 
of the group. 
Dental chamcters (Fig. 14). Most characteristics of the upper molars are 
as described for the group. The following attributes stand out: (1) M3 is 
small, and at least in young animals with unworn or moderately worn teeth, 
the metaflexus is shallow (but usually present); (2) while an anteromedian 
flexus on MI is always present, it is often unusually shallow (particularly 
in specimens from Lima and Ancash); (3) M1 always lacks a metalophule 
(us. sometimes present in the other species of the group). 
The molars of the lower jaw are as described for the group. 
Accessory glands. The male accessory reproductive glands are as described 
for the group. The medial prostates tend to be unusually small, however, 
and the surface of the vesicular glands lacks the knobs that are characteris- 
tic of some species. 
Phallus and haculum (Fig. 15). The shaft is sub-cylindrical with nearly 
parallel sides and a convex dorsal profile. Weakly developed ventral and 
dorsal grooves are present and confluent with the crater lip. The crater lip 
is only weakly expressed, and it surrounds the entire opening; a small but 
clearly visible dorsal notch is present, but ventral and lateral notches are 
absent. The epidermal spines are small, fine, dense, grade to a smaller size 
distally, and are imbedded in individual but shallow pits. The epidermal 
surface appears smooth. Both lateral and medial bacular mounds extend 
above the crater rim, with the lateral mounds situated slightly ventrad to 
the medial one. The urethral flaps are long, tapering, with well-separated 
tips lacking noticeable lateral spines; they reach the level of the crater lip 
but do not extend beyond it. The dorsal papilla is well developed and 
elongate in shape. It has a distinctly tapering tip, which is surrounded by 
folds of tissue that extend from the medial bacular mound to the inner 
crater wall only at its base, and the tip ends in a distinct spine. The phallus 
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FK;. 14. 3lolars of Akodo?~ l ~ t n ~ n u n c ~ ~ .  r p p e r  left molars or1 top: lower left rnolars on bottom. 
From left to right. AMNH 231 31 I (age class 2). AhlNH 231 5.59 (age class 3). 3lVZ 173038 
(age class 4). 
ofjuninr?lri.r is similar to that ofsrihfir.rcu.r or  purr, described below, dif'fering 
only in the presence of' a distinct dorsal notch. a narrow rim that circum- 
scribes the entire crater, the lack of urethral flaps that are exposed distallv 
beyond the lip, and the somewh;it more ventrally located lateral bacular 
mounds. 
The  proximal baculum is short. with a stout central shaft and a laterally 
flared base as in other members of* the group. A distinct medial notch is 
present in the base in ventral view. Laterally, the shaft is straight. T h e  
distal baculum is tridigitate and cartilaginous, with the lateral digits about 
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FIG. 15. Ventral, right lateral, and dorsal views of the phallus of Akodon juninrwls ( A M N H  
232640); line = 5 mrn. 
three-fourths the length of the medial one. The  proximal baculum aver- 
ages 2.09 times the length of the distal component (range 1.98-2.23). 
Palatal ncga4 (Fig. 7 ) .  The  diastemal rugae are complete but both are 
slightly arched at the midline, and the second ridge lacks a medial notch. 
All four interdental rugae are incomplete. The  first three have straight 
edges, but each slopes posteriorly towards the midline. 
k'crqwtvfi~. 2n = 40, FN = 40. Karyotvpes of this species were prepared bv 
field parties led bv Carl Koford in 1969. The  description that follows is 
based on photographs in the MVZ files. 
'The autosomal complement of junin~nsis is composed of 18 pairs of 
acrocentrics, one of which is distinctly larger than the remainder, while the 
remainder grade evenly in size from medium to small. There is also one 
pair of small metacentrics. The  X chromosome must be an acrocentric, as 
the only biarmed elements present are the small metacentric pair. T h e  
morphologv of the Y chromosome is unknown as only females have been 
examined. 
H.~~r.li\r.-Akodon j?tninpn.sis primarily occupies clumps of dense 
bunchgrass at elevations above 3800 m in well-drained and fine-grained 
soils. In the highlands of central Ancash, Carl Koford (unpublished field 
notes) noted a distinct habitat separation between this species and speci- 
mens we allocate to Akodon mollis, with mollis found in denser shrub habitats 
on moister slopes with better drained soils. On the western slope in Lima 
Department, junin~n,ris extends down into the sparse perennial forests at 
elevations as low as 2700 m. This species is also sympatric with Chro~omys 
jdrkii in Junin Department, with the latter preferring denser grass-rock 
areas. 
Other sigmodontines known to co-occur with this species are Auliscomys 
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T~l31 . r  8.-Geographic variation is1 Akodon jv1linrnt0*t$. Distances between I-egions were nor 
calculated d u e  t o  the small number of specimens in the Ayacucllo sample. 
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:FT1-ie regions a re  clefincd ;is follows (r~r~rnhel-s refer t o  locality numbers i l l  Apper~dix  I):  
Allcash, 1-3; LilnaiJunin, 4-10: Ayacucllo, 11, 72. 
-/-The columns 111-esent "age cot-1-ected" rnean values (rrlm) for mcasul-ernents from sl~ecirrlens 
representing cacti regional sample. MFI. was omitted clue to the large nurnber of rnissing 
values 
$The  overall test fol- eqnality of means (rnaxirnum likelihood ratio criteria, Rao, 1973) is 
significant (MANOVA, (LJ= 38, l  16: F =  1.7!198, p<0.01). 
pictus, I'hyllotis andiurn and darwini, Calomys sorellus, Neotomys ebriosus, and 
species of Oligoryzomys. 
GI;.OGKAPI-IIC: VAKIA.I.ION (Table 8).-Samples from eastern Lima Depart- 
ment were combined with those from adjacent areas of Junin Department 
and compared with those f'rom Ancash and Ayacucho departments. Minor 
but statistically significant differences were noted in age-corrected cranial 
dimensions. Three specimens from the southern part of the range o f , j u n -  
inensis (Huancavelica and Ayacucho departments) averaged slightly larger 
in most dimensions but otherwise did not differ from specimens elsewhere 
in the range. 
T h e  color and color patterns of individuals f'rom each population were 
similar. 
Co~ l~~Klso~s . -Wi th in  the boliuiensi,~ group, the most uscful qualitative 
characteristics for distinguishing juninensis and boliuiensis are the narrow 
zygomatic notches, narrow zygomatic plates, small foramina ovale, and 
distinctive M3s of juninen,sis. Akodon juninensis differs from Peruvian puer 
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and subfuscus in having slightly larger overall size and narrower cranium, 
small foramina ovale, small subsquamosal foramina, and phallus with a 
dorsal notch on the crater lip, as well as by electromorphic characters. 
These differences are discussed further in the species accounts that follow. 
Akodon juninensis can easily be distinguished from akodonts not included 
in the boliuiensis group by a combination of the small size, dull color, and 
relatively narrow and straight-sided mesopterygoid region of juninensis. 
The most difficult distinction is with A.  mollis, with which it may occur in 
sympatry or near sympatry. From mollis, junznenszs can be distinguished by 
its smaller overall size (maxillary tooth row length averages 3.71 mm us. 
4.1 1 mm for samples of mollis in Junin Department); narrower mesop- 
terygoid fossa (MFW 1.14 mm for juninensis, 1.57 mm for mollis); and by its 
pelage, which in juninensis is paler dorsally, more yellow than deep brown, 
with agouti hairs in the pinnae appearing strongly yellowish (giving the 
ears a yellow rather than brown appearance), and paler ventrally as a result 
of less of the gray base of each hair showing through. Chromosomally, this 
species has 2n = 40 while sympatric or nearly sympatric mollis has 2n = 22. 
REMARKS.-Thomas (1926b:317) allocated specimens of this species 
from Hacienda Atocsaico and from Oroya, Junin Department, to Akodon 
puer, remarking on features distinguishing it from A. mollis, including " . . . 
smaller size, yellower colour, and very small teeth." While we have not 
examined these particular specimens, they doubtless belong to juninensis, 
not puer. 
Akodon boliuiensis, the type species of the genus Akodon, was first de- 
scribed in 1833 by F. J. F. Meyen in a brief account. The description gives 
some external measurements and information on color, and it is accompa- 
nied by a rough drawing of the mouse, its feet, and its molars. The type 
locality is given as the Peruvian Indian village of Pichu-pichun, at an eleva- 
tion of 14000 feet. No holotype is mentioned in the account, and we are 
not aware of any having been designated. 
Size, color, and elevation at the locality of' capture clearly suggest that 
the mouse is a member ofthe group of mice defined above. Can this name 
be assigned with confidence to any one of the species that we recognize? 
Two arguments suggest that it can. 
First, as far as is known, only one species of the group is found at the 
type locality. Most earlier authors assumed this place to be Mt. Pichu- 
Pichu, near Mount Misti, to the northeast of Arequipa in Arequipa Depart- 
ment (e.g., Thomas, 1901; Gyldenstolpe, 1932; Tate, 1932). Sanborn 
(1950:ll-12), however, after careful inquiry, ascertained that Pichu- 
pichun is a small hacienda near the village of Huacullani, located south of 
Lake Titicaca in the province of Chucuito of southern Puno Department 
(listed as "Pichupichuni, 12600 ft., 5 mi NW Huacullani" by Pearson 
[1958]; Huacullani is at approximately 16'38's and 6Y19'W on the 1983 
Mapa Fisico Politico of the Departamento de Puno, Instituto GeogrAfico 
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Militar, Lima). Two members of the boliuiensis complex are known from 
high elevations in central and southern Puno Department. Only one has 
been taken within 100 km of Pichu-pichun, however, and it would seem 
reasonable to assign the name to it. 
Secondly and more critically, the drawing of' the molars that accompa- 
nies Meyen's description clearly depicts a bilophodont third upper molar 
with strongly developed metaflexus and hypoflexus. This is an unusual 
condition for the genus Akodon. It characterizes one member of the holiui- 
ensis complex, the same species that is known from the vicinity of Pichu- 
pichun. This form is relatively large bodied and has a long toothrow. Its 
external measurements are consistent with those given by Meyen. These 
observations lead us to assign the name boliuiensis to the following taxon: 
Akodon boliuiensis Me yen 
Akodon boliuirme Meyen, 1833; Nova Acta Acad. Leop.-Car., 16:600 (type 
description). 
Acodon boliuien\e, Tschudi, 1845; Fauna Peruarla, 1844: 177. 
Akodon boliviensis, Trouessart, 1898; Catal. Marnrnal., 2:535. 
AkodonpaciJiczu Thomas, 1902; Ann. Mag. Natur. Hist., ser. 7, 9:135 (type 
locality: La Paz, W. Bolivia). 
Ho~o~~.u~~s . -None  identified by Meyen. 
TYI)I< Lo(:ALI.I.Y.-"Auf der Hochebene von Hochperu, in dem Indianer- 
dorfe Pichu-pichun, auf einer Hohe von 14000 Fuss gefangen." 
EMENDED D ~ ~ ~ ; ~ o s ~ s . - A k o d o n  boliuiensis is a large species of the boliuienszi 
group. The head-body length of adults averages 91.0 mm, the hind foot 
21.2 mm, the condyloincisive length 22.44 mm, and the maxillary tooth 
row length 4.01 mm (range 3 . 7 4 . 4  mm). Akodon boliuiensis is distinguished 
by its broad (but nevertheless shallow) zygomatic notches, moderately 
broad braincase, and relatively strongly developed temporal and mastoid 
ridges. In most individuals the posterior ascending process of the alisphe- 
noid projects dorsally in boliuiens~s at least to the squamoso-alisphenoid 
groove. Relative to its large size, boliuiensi~ also appears to have a narrow 
interorbital region and broad zygomatic plates compared to other mem- 
bers of' the group. Finally and perhaps most distinctively, boliuiensis has 
strongly bilophodont third molars above and below. 
RAN(;I.: (Figs. 11, 12).-Distributed largely in the drier southern half of 
the Altiplano in Puno Department west and south of' Lake Titicaca to the 
western Andean slopes in Moquegua and Tacna departments in Peru, at 
elevations above 3700 meters. The distribution of boliuiensis in Bolivia is 
poorly understood, but spotty records are available from the highlands of 
that country south to Tarija Department. This species may also extend into 
the highlands of northwestern Argentina, in the provinces of Jujuy, Salta, 
Tucuman, and Catamarca as the named forms spegazzinii Thomas, tucuma- 
nenszs J. A. Allen, and alterw Thomas, although at present it is not clear 
that these populations are conspecific with true boliuiensis (see below). 
REVIEW O F  BOLIVIENSIS GROUP O F  AKODON 5 1 
D ~ s c ~ r ~ . r ~ o ~ . - E x t e r n a l  ch racters. Dorsally, individual boliviensis from 
southern Peru are pale brown, tinged olivaceous. The pelage is uniformly 
colored across the back and crown, appearing to be lightly streaked with 
black due to moderate numbers of long, black or dark brown guard hairs. 
Pheomelanic bands on the fur hairs are about 2 mm long and near Yellow 
Ochre or Antimony Yellow. The dorsal fur averages 11 mm long over the 
rump and is particularly fine and dense. Guard hairs are especially long, 
extending beyond the level of the fur hairs by 5 mm or more. Color and 
pattern of the flanks are similar to the dorsum. The yellow eyerings are 
narrow but conspicuous. On the venter, hairs are buffy tipped for about 
one-fourth of their length, with their tips similar in color to the 
pheomelanin of the dorsum. The inguinal area in some individuals ap- 
pears especially dark, almost rufous. A small patch of white fur occurs at 
the apex of the chin; this may not, however, be visible on dried skins due 
to distortion associated with drying. 
Akodon boliviensis has a sharply bicolored tail, with the dorsal band occu- 
pying about one-third the circumference of the tail (1-2 mm wide). The 
tail appears heavily invested with hairs (relative to most other Akodon); 
these hairs extend about the length of 3-4 scales. The tail averages about 
65 mm in adults (age classes 3-5),  or about 71% of head-body length. 
Cranial characters (Figs. 3-6, 16; Table 4). Most characteristics of the 
crania of boliuiensis are as described above in the description of the bolivien- 
sis group. They differ, however, from crania of other members of the 
group in several ways. In dorsal view, the zygomatic notches are unusually 
broad (and indeed, broader relative to the size of the cranium than those 
of most members of the genus). These notches broaden and deepen sub- 
stantially with age, so it is essential to compare animals of similar toothwear 
class. The zygomatic arches tend to flare laterally more than in other 
members of the group and ZB is correspondingly large. Lacrimals are 
usually present in cleaned skulls and unusually large. The interorbital 
region is narrow, and its posterior margins have a greater tendency to be 
sharply squared than is usually the case within the boliviensis group. Tem- 
poral and mastoid ridges are also unusually strongly developed, especially 
in older animals. 
Laterally, the dorsal profile of the cranium is relatively flat, especially 
in older individuals. The zygomatic plates are relatively broad, and their 
anterior face tends to be vertical. The posterior ascending process of the 
alisphenoid projects dorsally at least to the squamoso-alisphenoid groove. 
The postglenoid foramen is of medium size for the group and is slightly 
larger than the subsquamosal foramen. The tympanic hook appears stout 
(Fig. 16). 
On the ventral surface of the cranium, the incisive foramina are long 
and narrow. The palate is moderately deeply grooved. The anterior mar- 
gin of the mesopterygoid fossa is usually squared and often has a small 
median spine (Fig. 6). The mesopterygoid fossa is especially narrow, and 
the sphenopalatine vacuities are open and broad, but the presphenoid is 
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FK..  16. Tvrnpanic hook (hamr~la r  process) o f  ,4kodo?t ho111v~n.51.5 (>f\.'Z 17 1603, left) and A. 
f i t 1 ~ 1 .  l ~ t t ~ \ c t ~ t t . \  (3I\'% 17 1614, right) 
usually wider at the lerrel of' the vacuities than the breadth of the individual 
vacuity on either side. The  foramina ovale are substantially larger in di- 
ameter than M:', while the median lacerate foramina are about as long and 
wide as MI. 
D~ntnl  rltnrc~rlurs (Fig. 17). In the upper teeth of the youngest specimens 
we examined, MI always had a well-formed parastyle but lacked a proto- 
style. A mesostyle was also present but rather small, and a metalophule 
was occasionally present. A few specimens had a suggestion of an en- 
teroloph or  enterostyle, but in most the lingual face of' the hypocone was 
smooth. In M2, an anterior cing~ilum was always present. A mesostyle was 
present, but both enterostyle and metalophule were lacking. 
'The M:' of holi~~iu11~is is unique among members of the bolir~iunsis group. 
Among the voung animals we esamined, it was invariably large and com- 
plex compared to that of other members of the group (and indeed, the 
genus). averaging about half the length of M2. A distinct anteroloph was 
present in at least some very young animals (age class l ) ,  and in all but the 
oldest, ma-jor folds, probably the nietaflexus plus hypoflexus, partly di- 
vided the tooth near or  just posterior to its middle. making it distinctively 
"8"-shaped. The  tooth always lacked a posteroloph. 
T h e  lower teeth resemble those of other members of the group. In M, ,  
a protostylid was present but sornetinies small, and the metastylid was 
always absent. In both 51, and in hl,, an ectostylicl and mesostvlid were 
sonietirnes present but altz.:ivs tinv. 
In its unworn condition, M:, is long, about two-thirds to three-fourths 
the length of M,. As in M:'. the tooth was conspicuously "8"-shaped in all 
young specimens examined: this shape, however, is found in all species of 
the group. A trace of an anterior cingulid was seen in a few specimens. 
Mnlu nrrpssoq g1nnd.q. 'The male accessory glands are as described above 
for the bo1i.rli~rlsi.v group. They differ from those of.junin~mi,q and subfi~vclfi 
in that (1) the medial ventr:il prostates are larger, and (2) distinctive knobs 
are present on the surf';ice of the \?esicular glands. 
Phnlllis nr7d hac?tl~rm (Fig. 18). The  glans penis is short and stocky, some- 
what barrel-shaped ancl with the dorsal surface convex in lateral profile. 
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Frc;. 17. hlolars of  Akodon holi-cli~nvi.5. Upper left molars on top; lower left molars o n  bottom. 
From left to right, hlVZ 172916 (age class 2), MVZ 172901 (age class ?I), MVZ 171602 (age 
class 4). 
Ventral and dorsal grooves are well developed and confluent with the 
crater lip; the ventral groove has a distinct excrescence of tissue. Epidermal 
spines are moderately large and dense. Thev are deeplv imbedded in 
individual pits, giving the epidermis a very rugose appearance in contrast 
to the tinv spines and seemingly smooth surface of j un in~mi~ .  Thev grade 
in size from larger proximallv to distinctly smaller distallv. The  area of the 
crater lip is thick, highlv crenulated, and sharplv set off from the spinous 
epithelium by a distinct fold. Both a ventral and dorsal notch are present 
in the crater lip, but neither is confluent with the corresponding ventral 
or  dorsal grooves. A pair of lateral notches is also present. Only the medial 
5 4 MI'ERS, P A T T O N .  A N D  S M I T H  
FIG. 18. Ventral, right lateral, anti dorsal views of the phallus of Akodon h o l i ~ ~ ~ ~ n s i . ~ .  A. Peru: 
Puno (MVZ 172379). B. Bolivia: Oruro (U%.I>.IZ 156285). Line = 5 mm. 
bacular mound extrudes beyond the crater rim and is thus visible exter- 
nally; its tip projects straight outward from the glans, as opposed to curv- 
ing either ventrally or dorsally. Urethral flaps are well developed and 
large. They are located wholly within the crater and taper distally. with 
their tips well separated. Three weakly developed spines are present on 
each flap near the tip. The dorsal papilla is well developed, thick, and 
spatulate; it is totally surrounded by tissue folds connecting the medial 
bacular mound with the inner crater wall. 
T h e  proximal baculum is short and stout. with a laterally flared base. 
T h e  base has a distinct proximal flange with a median notch; the shaft is 
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thick and rather straight, convex ventrally only near the tip; and the carti- 
laginous distal baculum is well developed, with the lateral digits about 
three-fourths the length of the median digit. The proximal baculum aver- 
ages 2.2 1 times the length of the distal baculum (range 2.00-2.37). 
Palatal rugae (Fig. 7). The first diastemal ruga is nearly straight trans- 
versely but with a slight peak at the midline; the second diastemal ruga is 
also straight transversely. Of the interdental rugae, the first two slope 
sharply posteriorly towards the midline; the posterior two are relatively 
straight. 
Karyotype (Fig. 19A). 2n = 40, FN = 4 0 4 2 .  Karyotypes of specimens be- 
longing to this species have been described by Gardner and Patton (1976) 
and Barquez et al. (1980). The diploid number is 40 in all populations, but 
variation exists among geographic regions as to details of both autosomal 
and sex chromosomal morphology, as follows. 
In Puno Department, Peru, the karyotype has 2n=40, FN =40. The 
autosomal complement consists of 18 pairs of uniarmed elements, one of 
which is distinctly larger than the others, while the remainder grade evenly 
in size from medium to small. One pair of small metacentric elements is 
also present. The X chromosome is of medium size and subtelocentric, the 
Y is small and submetacentric but larger than the smallest acrocentric 
autosome. 
Specimens from Tacna Department, Peru, also have 2n=40, but the 
FN is 42. There are 17 pairs of uniarmed elements, with one distinctly 
larger than the rest and the remainder grading evenly in size from medium 
to small. In addition, one pair of subtelocentrics is exceptionally large and 
there is a single pair of very small metacentrics. The X chromosome is a 
large subtelocentric, and the Y is a small submetacentric. This karyotype 
differs from the first primarily by its possession of the single large subtelo- 
centric pair, and hence a higher FN by two. 
Finally, specimens allocated to ho1iwiensi.s tucumanensis from northwestern 
Argentina by Barquez et al. (1980) have a basic karyotype apparently iden- 
tical to those from Puno, but they are heteromorphic in both the largest 
autosomal pairs, which may be acrocentric or subtelocentric, and in the X 
chromosome, which may also be subtelocentric or acrocentric. As described 
below, however, we suspect that these populations are not conspecific with 
true boliwiensis. 
HAHII-AT (Fig. 20A,B).-The habitat of Akodon boliwiensis in Peru has 
been described by Pearson (1951) and Pearson and Ralph (1978). This 
species is most common in dense bunchgrasses (Stipa and Festuca), where 
it forms distinct runways within and between grass clumps. It is also com- 
mon where rocks or shrubs are interspersed among the grasses, and it is 
readily trapped along rock walls of corrals or houses where there are 
clumps of grasses. 
Akodon boliuiensis may be sympatric with up to four other akodont spe- 
cies, depending upon the locality. In central and northern Puno in the 
Lake Titicaca Basin, it co-occurs with Akodon puer, Chroeomys jelskii, and 
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FIG. 19. Non-difterentially stained karyotypes of three species of the Akodon Ooliuienris 
group: A. A. boliui~ru& (rnale, MVZ 172943). B. A. puer lulescrr~~ (rnale, M V Z  173021). C. A. 
subf~ucus ubf~\crcc (male, UMMZ 16053 I). 
Bolomys amoenus, sharing the bunchgrass and tola habitat with urnoenus and 
the rocky-grassy areas with jelskii. Akodon boliuiensis and puer are both found 
in bunchgrass associations, but where they are sympatric they are sharply 
segregated by habitat. Akodon fiuer is found almost exclusively in the 
coarser, more spiny Fesluca, which characterizes the well drained, harder 
soils of slopes; boliuiensis, on the other hand, is extremely abundant in the 
softer Stipu found in the deeper, more friable soils of' the lower bajadas and 
swales (Fig. 20B). 
In the drier regions of southern Puno and on the western Andean slope, 
boliuiensis co-occurs with Akodon albiuenter, A. andinus, Bo1omy.s amoenus, and 
Chroeomys jelskii. As noted by Pearson (1951), andinus is a denizen of higher 
elevations in very open, sparse grassland-tola habitats. 
Other sigmodontine associates of Akodon holiuiensis in southern Peru in- 
clude Auliscornys pictus, Auliscomys sublimus, Phyllotis darwini, Phyllotis osilae, 
Phyllotis magster, Calomys lepidus ducillus, Calomys sorellus, EliLgmodontia typus, 
Gulenornys garleppi, Andinomys edax, Neotomys ebriosus, Chinchillula sahamae, 
and species of Oligovyzomys. 
GEO(:KAPIIIC VAKIA.I.ION.-In Peru, specimens of boliuiensis from rela- 
tively wet areas north and northeast of Lake Titicaca (Central Puno; ?'able 
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FK.. 20. Puna grassland habitat of Akodon bolrvt~nsu and A. PUPT I?I~PTCP?LY in the Altiplano of 
northern Puno Department. Peru, where the two species occur svmpatrically (pdramo mu? 
hlim~do strhtrop~cal of the Holdridge Fvstem; Tosi, 1960). A. 4.5 km N E  San Antbn, 400 m, 
along the Rio Carabava. B. 12 km S Santa Rosa [de Avaviri]. 3960 m. At this localitv, A .  
holrr~t~t~vu occurs primarily in the dense mats of Stlpa (extending from the lower right-hand 
corner to the middle of the photograph), while A. puer ~ Z ~ ~ P F C P W  is restricted to the coarger and 
more open clumps of ~F~stucn on the hillsides. Two other akodontines. Bolomvs nmoenus and 
Chro~ornv~j~lsktr ,  were also collected at both localities. 
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9) tend to be 2-4% smaller in age-adjusted cranial dimensions than speci- 
mens from the drier areas west and south of the lake in Puno Department. 
There is no detectable difference in color between individuals from these 
two areas. Those from the arid western Andean slope above Tarata (Tacna 
Department) also average about 3% smaller than those from southern 
Puno; they also tend to differ slightly from Puno animals in some propor- 
tions. These specimens are also grayer on the dorsum and especially on the 
venter, due to a large increase in the proportion of' black guard hairs plus 
distinctly paler pheomelanin bands (Antimony Yellow). Four specimens 
from Moquegua are the most distinctive; these average 556% larger than 
those in neighboring Tacna, and they have especially long rostra and max- 
illary toothrows. These specimens are relatively old individuals, however 
(age classes 4-5), which may account for the difference in overall size and 
rostra1 size, but not toothrow length. They do not differ from Puno speci- 
mens in color. 
A few specimens are available from Bolivia. Those from La Paz, Oruro, 
and Potosi departments (Western Bolivia; Table 9) are similar in size and 
color to specimens from Puno. On average, specimens from Tarija Depart- 
ment, Bolivia, are darker and smaller than Puno specimens, but the differ- 
ences are slight. These specimens from Tarija are discussed on p. 6 1. 
T o  summarize and test the significance of these differences in cranial 
dimensions, we calculated Mahalanobis distances based on 19 age-cor- 
rected cranial dimensions (mesopterygoid fossa length was omitted due to 
the large number of crania with broken pterygoid wings) and perfbrmed 
a multivariate analysis of variance (Willig et al., 1986). The results are given 
in Table 9. They indicate that the four animals from Moquegua are indeed 
the most distinctive, followed by specimens from Tarija, and that the dif- 
ferences among the other populations are statistically significant but rela- 
tively small. 
COMPAKISONS.-Akodon boli-iiiensis differs from juninensis by having broad 
zygomatic notches, well-developed temporal and mastoid ridges, a well- 
developed hypoflexus and metaflexus on M" a large foramen ovale, large 
postglenoid and subsquamosal foramina, a ventral as well as dorsal notch 
on the crater lip of the phallus, and numerous other characteristics. It is 
compared to other members of the holiuiensis group in the accounts of 
those species, below. Akodon holiuiens& can be distinguished from all other 
Akodon by the combination of its dull pelage, small size, distinctive mesop- 
terygoid fossa, and other characteristics given under the general descrip- 
tion of the hol iu iens~  group. 
R E M A K K S . - A ~ O ~ O ? Z  pacZficw 'Thomas was described with its type locality 
La Paz, Bolivia. The holotype appears to be an old individual of holivienszs. 
The edges of the interorbital region are more square-sided and divergent 
than average for this species, but they fall within the range of variation of 
bolivien,szs fro111 Peru. In all cranial dimensions, the holotype of pacificus 
agrees well with Peruvian holiviemis and, in fact, cannot be distinguished 
from them on the basis of discriminant analysis of' cranial measurements. 
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TABLE 9.-Geographic variation among regional samples of Akodon boliviewis*i. A. "Age 
corrected" mean values (mm) for measurements from specimens representing each region 
B. Mahalanobis distances (based on "age-corrected" measurements) describing the overall 
morphological differences among regions*. 
A. 
Central Southern Western 






















































































































































*MFL was omitted due to the large number of missing values 
?The regions are defined as follows (numbers refer to locality numbers in Appendix I): 
Central Puno, 43-46, 49-58; Southern Puno, 60-69, 64a, 65, 67a; Tacna, 91; Moquegua, 90; 
Tarija, 110; Western Bolivia, 96-98, 107-109. 
$All distances are statistically significant at p<0.0001 except Southern Puno-Western Bolivia 
( p  = 0.072), and the overall test for equality of means (maximum likelihood ratio criteria, 
Rao, 1973) is also significant (MANOVA, df=95,1523; F=8.3438, p<0.0001). 
As a consequence, we treat Thomas's pacificus as a junior synonym of 
Meyen's boliuiensis. Specimens from Cochabamba Department assigned by 
Thomas to pac$icuc in the description of that species are  probably Akodon 
puer, described in the next account (p. 63). 
Akodon spegazzinii was described by Thomas (1897) from the lower Cachi 
River in Salta Province, Argentina. It has been considered a subspecies of 
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A .  /)oliviensis by later authors (e.g., Cabrera, 1961). Similarly, Akodon tucu- 
manmsis ,  from Tucumkn, 'rucuman Province, Argentina (Allen, 1901) 
has also been considered a southern population of boliuieruis (but see Hersh- 
kovitz, in manuscript). 'The type localities of these two taxa, which are both 
at relatively low elevation (tucumanensis, 450 m ; spegazzinii unknown, but 
probably under 2000 m), lie in adjacent valley systems and within about 
200 km of one another. 
Specimens available to us from immediately north and south of 
Tucuman appear very dark, with strongly rufous tones, and with the ven- 
tral pelage scarcely different from the dorsal. They agree with the descrip- 
tion of t u c u m a n e n s ~  and undoubtedly represent that taxon. They differ 
sharply in color from mice from the Cachi Valley in Salta Province, which 
we take to represent spegazzinii. Specimens from the Cachi Valley are sub- 
stantially paler than tucumanensis; they have an olivaceous rather than 
rufous cast to the dorsal pelage; and their dorsal pelage is somewhat more 
sharply distinct from their ventral pelage than is the case for tucumanemis. 
Populations with this color extend south in the same valley system and on 
adjacent hills at least as far as Tafi del Valle, Tucuman Province, about 50 
km W of Tucuman. Collections from the vicinity of Tafi del Valle contain 
both color forms. 
Do spegazzinii and tucumanensis represent the same species? While the 
difference in color between members of these two taxa is striking, we see 
no consistent differences between them in cranial size or morphology (Fig. 
21; l'able 4). Few specimens, however, are available to us, and we are 
unable to compare soft anatomical structures, karyotypes, or electro- 
morphs from specimens representing each population. For the present, 
lacking convincing evidence to the contrary, we prefer to consider them 
conspecific. 
Do spegazzinii and tucurnanensis represent southern populations of holivi- 
ensis? Skins of spegazzinii are virtually indistinguishable from those of Pe- 
ruvian holiviensik, while as noted those of tucumanensis are sharply different 
in hue (but similar in color pattern). l 'he crania of' all three taxa appear 
similar in general shape, and in particular share the distinctively broad, 
shallow zygomatic notches of holi7)ienszs. Skulls of' spegazzinii and tucumanm-  
sis, however, are 5-10% larger in most dimensions (Table 4). Moreover, 
the incisive foramina of spegazzinii and lucumanensii are strikingly longer 
than those of holiuiemG (average 5.9 mm us. 5.1 rnm), and the palate is 
correspondingly shorter. Further. the mesopterygoid fossa appears wider 
and more parallel-sided in spegazzinii and tucumanensis than in boliuimsis, 
and MS in both spegazzinii and tucumanen.sls is oval, lacking the lateral inden- 
tations of the M"s of boliuiensis. 
Northwestern Argentina and southern Peru are separated by a consider- 
able distance, and questions regarding the distinctiveness of these two taxa 
might best be resolved by examining specimens from intermediate locali- 
ties. Unfortunately, few are available. As noted above, we have examined 
three specimens of boliviensis from La Paz Department, six from localities 
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FIG. 2 1. Dorsal and ventral views of crania of Akodon sp~gnzz in i i  (Ckl43435, left), A.  tucumnn- 
~n.\i.$ (CM 86398, center), and A.  b o l i ~ ~ i ~ ? z s i ~  from southern Bolivia (AMNH 262685, right). 
in Oruro Department, and one from Potosi Department, all in Bolivia. All 
closely resemble typical b o l i v i ~ n ~ i s  in most respects, including size, develop- 
ment of the temporal and mastoid ridges, size of lacrimals, breadth and 
conformation of the zygomatic notches, and at least a trace of a hypoflexus 
and metaflexus on Ms. Eighteen specimens are available from Iscayachi, 
Ta r i a  Department, in southern Bolivia. These specimens resemble bolivi- 
~ n r i ~  strongly in most characteristics and we tentatively assign them to that 
species. Resemblances include the overall shape of the cranium, and in 
particular, the broad zvgomatic notches, medium to large lacrimals, me- 
dium to broad tvmpanic hook, posterior ascending process of the alisphe- 
noid that alwavs reaches the level of the alisphenoid canal, and relatively 
well-developed temporal and mastoid ridges. The  male phallus is also very 
similar to that of Peruvian boliviensis. Specimens from Tarija, however, are 
slightlv smaller than Peruvian specimens of bolir~i~nsis.  Also, the presence 
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and development of the hypoflexus and metaflexus on M3 varies among 
individuals and is sometimes completely lacking. Certainly, however, none 
approaches the size of spegazzinii or tucumanensis, nor does any have an 
elongated incisive foramen or shortened palate that would suggest that 
these southern Bolivian animals are in any way intermediate between typi- 
cal boliuiensis and sfiegazzinii or tucumanensis. 
A final difference between members of these taxa concerns their habi- 
tats. Collections of boliuiensis are typically from high elevations. In Peru, 
the species is known only above 3000 m, and the southernmost populations 
that may represent this taxon in Tarija are from 3450 m. The collections 
of spegazzinii and lucumanens& available to us, in contrast, arc mostly from 
between 400 and 1000 m, a striking difference in elevation. 
Clearly, more work is needed on the Bolivian and Argentine representa- 
tives of this group. The evidence at present suggests that holiviensi~ extends 
through La Yaz, Oruro, and Potosi departments, and probably to southern 
Bolivia in Tarija Department. The connection between boliuiensis and 
spegazzinil plus tucumanensis is tenuous, however, and for the present we 
consider these taxa to comprise three subspecies placed in two species 
(holiviensis, spegazzinii spegazzinii, spegazzinii tucumanensis). 
Akodon alterus Thomas, another taxon often considered to be a subspe- 
cies of holiuiensis, was described from "Otro Cerro," probably in La Rioja 
Province, Argentina, at an elevation of 3000 m. Thomas also assigned 
specimens from Chumbicha, Catamarca, to this taxon. According to 
Thomas, the skull of ulterus is very much like that of spegazzinii but with a 
long incisive foramen. The primary difference between the two species is 
in color, alterus being "readily distinguishable from the older known species 
by the absence of a strong yellowish or buffy suffusion in the fur." Instead, 
alterus is "between 'buffy brown' and 'Saccardo's umber' of Ridgway." 
According to the collector, Budin (as reported by Thomas, 1919), Otro 
Cerro was reached by travelling about 30 miles west from Chumbicha, 
which lies in thc Sierra de Ambato, across the Cerro to another range of 
hills for which he could find no recognized name, but which Thomas 
presumed to be the Cerro Nunorca. This mountain is probably within a 
range (for which we also have not found a name) that runs NNW from the 
Sierra dc Valasco, originating just west of La Rioja. It is separated from 
the Sierra de Ambato by a narrow valley under 700 m elevation. 
We have examined a single specimen of the holiuiensis group from La 
Merced, Catamarca Province, that may represent alterus. Like Chumbicha, 
La Merced lies in the Sierra de Ambato, approximately 90 km N of that - .  
town. Cranially, this specimen is similar to specimens of sp~gz~zz in i i  of the 
same age, but it is somewhat broader across the braincase. Its color is 
intermediate between that of tucumanensis and spegazzinii, generally brown 
to pale fulvous dorsally and with buffy tips on the ventral hairs. If this 
specimen is true alterus, then it seems likely that alterus is properly allied 
with spegazzinii and tucumanenszr. Questions regarding its distinctiveness, 
however, must await additional specimens and study. 
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Finally, we point out that Akodon azurae, a species of wide distribution in 
the lowlands of Argentina, Uruguay, and Paraguay, is very similar in many 
aspects of cranial and external morphology with both boliuiensis and 
spegazzinii. Descriptions of soft anatomical structures and electromorphic 
characters, as well as additional collections from Argentina and Bolivia, are 
needed to resolve the relationships of these three taxa. 
Ahodon puer Thomas 
Hesfieromys (Habrothrix) xanthorhintu Thomas, 1884; Proc. Zool. Soc. Lon- 
don, 1884:450 (not Waterhouse, 1837). 
Akodonpuer Thomas, 1902; Ann. Mag. Natur. Hist., ser. 7 ,9 :  136 (original 
description). 
Akodon caenosw Thomas, 1918; Ann. Mag. Natur. Hist., ser. 9, 1: 189. 
Ahodon lutescens J. A. Allen, 1901; Bull. Amer. Mus. Natur. Hist., 14:46. 
HOLO~YP~:.-BMNH 2.1.1.78; adult female (age class 4); skin and skull; 
collected 15 July 1901 by P. 0. Simons, original number 1501. 
TYPE Loc~~~.~-~. -Choquecamate ,  Cochabamba Dept., Bolivia, 4000 m 
(approximately 16"55'S and 66"37'W, " . . . in the high paramos north and 
northwest of Cochabamba, surrounding on the west and south the sources 
of the Rio Secure . . . ," p. 126). 
EMENDED IAGNOSIS.-A~O~O~ puer is the smallest member of the holiuien- 
sis group (hind feet 21 mm or less, maxillary tooth row averages 3.58 mm 
[range 3.3-3.81). In addition to being small, puer is distinguished by a 
combination of especially shallow and narrow zygomatic notches; weakly 
developed temporal and mastoid ridges; large oval, postglenoid, and sub- 
squamosal foramina; delicate tympanic hook; posterior ascending process 
of the alisphenoid almost never reaching the squamoso-alisphenoid 
groove; and M3 either entirely without lateral indentations (not "8"- 
shaped) or lateral indentations present but shallow. 
RANGE (Figs. 11, 12).-Akodon puer is known from the high elevation 
Altiplano of the Andes, from Puno Department in Peru south through La 
Paz and Cochabamba departments of Bolivia, and from the mountainous 
regions of northwestern Argentina in the provinces of Jujuy, Salta, 
Tucuman, and Catamarca. 
Geographically separated populations of puer differ substantially to an 
extent that we believe requires formal recognition of subspecies. We begin 
by giving a general description encompassing all populations of the species 
that we examined. We then treat three subspecies, A. p. puer, A. p. caenosus, 
and A. p. lutescens. 
D~sc~~~. r .~o~ . -Exte rna l  char cters. The dorsal coloration is medium 
brown to slightly olivaceous brown across the back and top of the head, 
becoming slightly darker in older animals. The pheomelanic bands of the 
dorsal fur hairs are 1.5-2 mm long and vary geographically in color (de- 
scribed below). The dorsal pattern merges gradually with the ventral one, 
which is made up of individual hairs with slaty bases and buffy or grayish 
64 MYERS, PATTON,  AND SMI'I'H 
tips. The inguinal region resembles the rest ofthe venter or is slightly paler 
(less gray) in appearance. The chin may have a Sew all-white hairs, but if 
so the area covered is small. 
The tail is bicolored, with a narrow dark stripe that occupies one-fburth 
to one-third of' its circumference. The tail appears rather hairy, with indi- 
vidual hairs near its base the length of' two to three scales. It averages about 
74% ofthe length of the head plus body. 
Cranial chumcters (Figs. 3, 5, 16; Table 4). Crania of puer closely resemble 
those of boliviensis in most respects. As noted above, they are small com- 
pared to those of other members of' the group. Dorsally, they are charac- 
terized by an inconspicuous lacrimal (often missing in cleaned skulls); zygo- 
matic arches that flare weakly laterally; shallow and laterally compressed 
zygomatic notches; interorbital region that appears broad relative to the 
small size of' the skull; and a proportionately large interparietal. 
When the crania of old (age class 4 or 5) individuals are viewed from the 
side, they seem to be less flattened in dorsal profile than in other boliviensk 
group species. The zygomatic plates are slender and their anterior faces 
arc either oriented vertically or very slightly reclining. Postglenoid and 
subsquamosal foramina are rel-atively large. In most populations the tym- 
panic hook is relatively narrow and delicate (Fig. 16), and the posterior 
ascending process of the alisphenoid does not reach the level of the 
squamoso-alisphenoid groove (Fig. 5). 
Ventrally, the palate appears broad (relative to the size of the skull) and 
only shallowly grooved; the posterior end of' the palate (anterior border 
of mesopterygoid fossa) is strongly squared in most populations and usu- 
ally bears a median spine; the sphenopalatine vacuities, foramina ovale, 
and median lacerate foramina are large; the mesopterygoid fossa is ex- 
ceedingly narrow; and lateral edges of' the parapterygoid plates are 
straight or only slightly convex. The length of the incisive foramina varies 
geographically f'rom very short to about average for the group. 
Dental characters (Fig. 22). The teeth of puer resemble those of boliviensis. 
Two conspicuous characteristics ofpuer, however, are (1) the length of the 
maxillary toothrow is short, less than 3.7 mm in most populations (cf. 
usually over 3.8 for boliviensis), and (2) M3 lacks a deep hypoflexus and 
metaflexus, so that the perimeter of the surface of' M3 in puer is usually an 
uninterrupted oval. 
Phallus and baculum. Only reconstituted dried phalli were available for 
examination. The features visible on such specimens indicate, however, 
that the basic components of the glans of puer are similar to those of 
subfuscus, which is described in detail under that species. 
The proximal baculum is rather short and stocky, with a laterally flared 
base that lacks a medial flange and usually has a shallow medial notch. The 
shaft is thick and straight in lateral aspect. The cartilaginous distal baculum 
is well developed, with the lateral digits about three-fourths the length of 
the medial one. The height of the distal part of' the baculum relative to 
that of the proximal part is highly variable among specimens. For example, 
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FIG. 22. Molars o f  Akodon PILPY 111t~s~~n.q. Upper molars on top; lower molars o n  bottom; 
both photographs are o f  the left side o f  the jaw. From left to right. 31VZ 171612 (age class 
2 ) .  TLIVZ 17503 1 (age class 3) .  MVZ 173034 (age class 4) .  
in specimens representing populations in Puno Department, Peru, proxi- 
mal length is 2.24 times distal length in a specimen from Santa Rosa, 2.12 
times distal length (range 1.88-2.35) in two specimens from Pucari, and 
onlv 1.87 times that length in a specimen from Ananea. 
H A R I - r ~ - r  (Fig. 20).-Akodon puer inhabits puna grasslands at high ele- 
vations. Its habitat preferences in Peru are discussed above with those of 
Akodon bolivirmis. Akodon purr occurs svmpatricallv with Akodon bolivicnsis, 
Rolomvr amocnzu, and Chrocomys jclskii in southern Peru, and probablv with 
Akodon fumrw, Akodon s ib~r ia~,  and Microxlls mimtlc in central Bolivia. Other 
sigmodontines with which it co-occurs in southern Peru include Auliscom~s 
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pictus, Phyllotis osilae, Phyllotis danuini,  Calomys lepidus, Calomys sorellw, Chin- 
chillula snhamae, Neotomys ebriosus, and species of Oligoryzomys. 
C O M P A K I S O N S . - - A ~ O ~ ~ ~  puer is easily distinguished from holiuiensis where 
it overlaps that species in Puno Department, Peru, by the following charac- 
teristics of puer (most of which are most readily apparent if animals of 
similar age are compared): (1) small size; (2) underparts tend to be whiter 
or grayer, due to whitish to pale yellow tips on the ventral hairs rather than 
buffy or ochraceous buffy tips as in holiviensis; (3) smaller, narrower zygo- 
matic notches; (4) less strongly flared zygomatic arches; (5) more weakly 
developed temporal and mastoid ridges, especially in animals of age classes 
3 and 4; (6) posterior ascending process of the alisphenoid rarely extend- 
ing dorsally to the squamoso-alisphenoid groove; (7) M% simple oval, with 
metaflexus and hypoflexus very shallow or absent; (8) lacrimal tiny or 
absent; (9) tympanic hook relatively delicate. It is important to note, how- 
ever, that there is significant variation in some of these characteristics in 
areas where bolzviensis does not occur; these modifications are described 
below in the accounts of subspecies. 
Compared to juninensii, puer is slightly smaller, has a relatively broader 
cranium, larger foramina ovale, larger postglenoid and subsquamosal fo- 
ramina, and its phallus lacks a dorsal notch. It further differs from juninen- 
sis in the clectrornorphic characters described under that species. Akodon 
puer is compared to other members of' the holiuiensis group in the accounts 
of' those species, and to other Akodon in the gcneral description of the 
holiviensis group. 
GEOGKAI'HIC: V ~ ~ ~ ~ . r ~ o ~ . - I n d i v i d u a l s  from Cochabamba Department, 
Bolivia, are assigned to A .  6 .  puer. These animals are large and dark; some 
variation among populations ofthis subspecies is described below. 
The name Akodon lutescens appears to apply to specimens from Puno 
Department, Peru and La Paz Department, Bolivia (near the Peruvian 
border) that are similar in shape and color pattern to typical puer, and 
which resemble very closely puer from the eastern border of Cochabamba 
Department in karyotype and electromorphic characters. They are distinc- 
tively smaller, however, than typical puer, paler in dorsal color, and differ 
in several details of' cranial shape. The name lutescens is usually listed as a 
synonym or subspecies of' Akodon andinus (but see Hershkovitz, in manu- 
script); we establish below that this is not correct. 
Akodon caenosus, which has its type locality in northern Argentina, is 
clearly a close relative of puer and probably is conspecific with it, as sug- 
gested by 0. A. Reig (in Vitullo et al., 1986:73). Because of distinctive color 
and cranial features as well as different karyotypes (see below), we choose 
to recognize caenosus as a valid subspecies of puer even though we lack 
sufficient specimens to understand fully its evolutionary relationship with 
populations of puer from Peru and Bolivia. 
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Akodon puer puer Thomas 
EMENDED DIAGNOSIS.-A~O~O~ p. puer are distinctive among puer for the 
combination of large size, long rostra, long mesopterygoid foramina, espe- 
cially long incisive foramina, and diploid chromosome number 2N = 40. 
R A N G E . - H ~ ~ ~  elevation grasslands of Cochabamba Department, Bo- 
livia; elevational range above 2900 m in Bolivia. 
D ~ s c ~ r ~ r r o ~ . - E x t e r n a ~  ch racters. The pelage of p. puer is generally 
brownish above with a faint olivaceous tinge. The upper surface of the 
crown and middorsal area are similarly colored and noticeably darker than 
the flanks. Midrump fur averages about 11 mm long, with guard hairs 
extending generally 5 mm beyond the level of the fur hairs. Pheomelanin 
bands on f r hairs are approximately Ochraceous-Buff and average 1.5 
mm long. The ventral hairs are slate gray for two-thirds of their length 
and tipped with huffy or grayish. 
The tail of p. puer appears relatively long, approximately 80% of head- 
body length. It is bicolored, and the dark dorsal stripe is wide, occupying 
from one-third to one-half of the circumference of the tail. Hairs at the 
base of the tail are short, the length of 2-2.5 scales. 
Cranial characters (Fig. 23, Table 4). Members of populations of p. puer 
average 5% larger than those from other areas. The nominate subspecies 
is also notable for its long incisive foramina, relatively stout tympanic hook 
(but not as stout as in boliviensis), large braincase, less well-developed tem- 
poral ridges, more inflated frontal sinuses, and broader interorbital re- 
gion. In most individuals the posterior ascending process of the alisphe- 
noid does not reach the squamoso-alisphenoid groove. 
Palatal rugae (Fig. 7). Both sides of the first diastemal ruga are straight 
but arched toward the midline; the second diastemal ruga is transversely 
straight. As in boliviensis, the first two interdental rugae are arched and 
slope posteriorly toward the midline. 
Karyotype. 2n = 40, FN = 40. The autosomal complement of p. puer con- 
sists of 18 pairs of uniarmed elements. Members of one pair are distinctly 
larger than members of the remaining pairs (about twice the size of the 
next largest), and the latter grade evenly in size from medium to small. 
One pair of small metacentrics is also present; these are about one-half the 
size of the smallest acrocentric autosome. The X chromosome is a medium 
subtelocentric and the Y is a small acrocentric, considerably smaller than 
the smallest uniarmed autosome. 
GEOGKAPIIIC VAKIATION.-M~~O~ differences, primarily in size, can be 
found among populations of p. puer in Cochabamba. Specimens were 
grouped into three regions (Table 10). Too few specimens were available 
for computation of age-corrected measurements or statistical comparison 
of regions by MANOVA. Comparison of animals in age classes 3 + 4, how- 
ever, suggests that the most distinctive individuals are from grasslands 
above the elfin forest on the border between Santa Cruz and Cochabamba 
departments. These animals are slightly darker, especially mid-dorsally, 
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FIG. 23. Crania of Akodon pupr. First and second rows, dorm1 and ventral view5 of '4. p u ~ r  
p u ~ r  ( A M N H  260404, left), A .  p w r  l t ~ t p s c ~ n . ~  ( M V Z  17 1614, center), and A .  pupr cnrnoslu 
( U S N M  259623, right). Third and fourth rows, lateral views of A .  ptrpr p u ~ r  (AMNH 260404, 
left), A .  pupr 1 t 1 t ~ ~ c ~ n . s  (MVZ 17 16 14, right), and A .  puer ca~no$t~.r (LTSNM 259623, hottom). 
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TABLE 10.-Geographic variation it1 Akodon p .  puer*t. 
Western Central 





















*Kegions are defined as follows (numbers refer to locality numbers in Appendix I): Western 
Cochabamba, 99-100; Centl-dl Cochabarnba, 101-104; Cornarapa, 105-106. 
tColumns give mean values (mm) for measurements from specimens of age classes 3 and 4. 
"Age corrected" values and distances between regions were not calculated due to the small 
number of specimens in the sample. 
than other p. puer we have examined. They have slightly broader zygomatic 
plates, broader rostra, broader palates, and shorter basioccipitals. These 
differences are slight, however (most measurements within about 5% of 
those of other specimens of p. puer from Cochabamba, including the 
holotype), and we tentatively consider these animals to be of that subspe- 
cies. 
H ~ n ~ - ~ . ~ . ~ . . - o t h e r  species of sigmodontines reported by Thomas to oc- 
cur at the type locality include Phyllotis lutescens (regarded by Pearson, 1958 
and Hershkovitz, 1962, to be a synonym of P. osilae) and Oxymycterus para- 
mewis. Populations from eastern Cochabamba are found in moist 
hunchgrass associations at elevations above the elfin forest. Here, these 
animals contact the ranges of Akodon fumeus, A. siberiae, Microxus mimw, and 
Oxymycterus hucucha, all akodontines that are denizens of the adjacent elfin 
forest. 
COMI>ARISONS.-Akodon p. puer is compared to other species of Akodon in 
preceding sections. I t  is compared to other subspecies of puer above and 
in the sections that follow. 
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Akodon puer lutescens J .  A. Allen 
HOLOTYPE.-AMNH 16507; adult female; skin and skull fragments; col- 
lected Oct. 2 1, 1900 by H. H. Keays. 
TYPE Loc~~~. l .~ . -T i rapa ta ,  Peru (about 15,000 ft). Tirapata is in Puno 
Department about 50 km NW of Lake Titicaca. 
EMENDEII DIAGNOSIS.-'rhis taxon resembles p. puer in most aspects of 
cranial shape and external morphology, but differs from all other puer by 
the following combination of characteristics: small size; short incisive fo- 
ramina; small braincase; very delicate tympanic hooks; relatively strongly 
developed temporal ridges (especially in old animals); frontal sinuses not 
inflated; interorbital region narrow; diploid chromosome number 2N = 40. 
RANC;E.-T~~S subspecies is found in the high elevation grasslands of 
Puno Department, Peru, and La Paz Department, Bolivia, generally above 
3800 m elevation. 
D ~ s c ~ ~ ~ . r r o ~ . - E x t e r n a l  characters. Akodon p. lutescens is a small, pale oliva- 
ceous brown form generally similar in external appearance to A. p. puer. 
Skins are almost indistinguishable in color from those of sympatric bolivien- 
s i ~  except for their paler, grayer venters. Individual fur hairs are approxi- 
mately 10 mm long over the rump, and the guard hairs in that region 
project 5 mm or less over the surface of the back. The pheomelanin bands 
of individual rump hairs are long (1.5-2 mm) and approximately Anti- 
frnony Yellow. The fur is sparsely punctuated by black guard hairs. This 
combination of' hairs gives an overall impression to the dorsum of pale 
grayish or olive brown, moderately heavily lined with black. The dorsal 
pattern extends well down the flanks, where it grades into the ventral 
pelagc. An eyering is present and moderately conspicuous. Ventrally, the 
hairs are slate gray for one-half to two-thirds of their length, then tipped 
with either pale buff or gray. A few hairs on the chin and, in some speci- 
mens, the upper throat are monocolored and white. 
On the tail, the hairs appear denser, longer, and generally more con- 
spicuous in lutescens than in puer; most extend the distance of three scale 
lengths. Tail length is about 74% of head-body length. The tail is sharply 
bicolored, with a narrow dorsal stripe that covers Srom one-fhurth to one- 
third of its circumference. 
Cranial characters (Fig. 23).  The cranium is similar to that of typical p. 
puer, except for its smaller size, shorter incisive foramina, and other differ- 
ences noted above. The posterior ascending process of the alisphenoid was 
never seen to reach the squamoso-alisphenoid groove, and the tympanic 
hook was always very narrow and delicate. These differences are subtle, 
however, and can best be seen in comparisions of age-sorted material. 
Male reproductive tract. No information is available concerning the anat- 
omy of phallus, baculum, or accessory glands. 
Palalal rugae t ~ i g .  7 ) .  The pattern of the rugae appears the same as in 
p. puel; except that the first diastemal ruga is transversely straight rather 
than arched toward the midline. 
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Karyotype (Fig. 19B). 2n = 40, FN = 40. The karyotype appears identical 
to that of A .  p. puer. It differs from that of A .  p. caenosus as described under 
that subspecies. 
HABI-ri\r.-Akodon puer lutescens is a denizen of the puna grassland of the 
Altiplano (Fig. 20). Where sympatric with boliuiensis, lutescens is found most 
commonly in Festuca bunchgrass on harder soils (see account of boliuiensis, 
above). 
GEOGRAPHIC VAKIATION.-NO variation in color was seen among popula- 
tions of p. lutescens. Age-corrected samples from three regions in Puno 
Department were compared among themselves and with very small sam- 
ples from southern Puno (n= 5) and western La Paz (n= 2). Significant 
geographic variation in size was found (Table 11) but is not easily inter- 
preted. Clearly, the specimens from La Paz Department (Ulla Ulla) are 
large and have unusually long incisive foramina. They are more similar in 
these respects to p. puer from Cochabamba Department than to p. lutescens. 
Their color, however, is most like that of p. lutescens, and we refer them to 
that subspecies. 
COMPARISONS.-Comparisons to sympatric boliuiensis are made above un- 
der the general description of puer. Akodon p. lutescens differs from p. puer 
by being smaller and having shorter incisive foramina, paler color (espe- 
cially the middorsal area, which is often very dark in p. puer), and other 
characteristics noted above. Akodon p. lutescens is compared with p. caenosus 
in the following account. Other akodonts occurring at high elevations in 
southern Peru are all distinguished by a combination of larger size andlor 
distinctive coloration, as outlined above in the description of the boliuiensis 
group. 
R E M A K K S . - A ~ ~ ~ ~  described lutescens as a small, "fulvous gray brown" 
mouse from the highlands of Puno Department, Peru. He did not compare 
it explicitly with any other Peruvian species, merely stating that it "appears 
to resemble in a general way other species of the soft-haired, dull-colored 
section of the genus," and noting that it "agrees with none of the described 
species in respect to details of size, coloration, and proportions." In his 
description of Akodon boliviensls subfuscw, Osgood (1944) noted that lutes- 
cens is "perhaps a synonym" of boliuiensis. In the same paper he described 
Akodon andinus polius from neighboring Arequipa Department. Sanborn, 
in a brief note published in 1949, stated that "Dr. Osgood concluded that 
polius should be a synonym of lutescens which was a subspecies of andinus," 
a conclusion that appears to contradict Osgood (1944) and that is appar- 
ently based on notes Osgood left in trays of specimens identified as polius. 
Others (e.g., Cabrera, 1961; but see Hershkovitz, in manuscript) have fol- 
lowed this suggestion, listing lutescens as a subspecies of andinus. 
We agree with Hershkovitz (in manuscript) that the true affinities of the 
taxon described as lutescens are not with andinus but with the boliuiensis 
group, specifically, with Akodon puer. First, lack of any trace of whitish 
postauricular tufts exclude both the holotype and paratype of lutescem 
from andinus. These tufts are sometimes inconspicuous, but they are pre- 
72 MYERS, PATTON, AND SMITH 
TABLE I1.-Geographic variation in Akodon p u e r  lutescms*t$. 
South East Central 




















*The columns give "age corrected" mean values (mm) for rneasurements from specimens 
representing each regional sample. MFL was omitted due to the lax-ge number o f  missing 
values. 
?Regions are defincd as follows (numbers refer to locality numbers in Appendix I): Southern 
Puno, 63; Eastern Puno, 45; Central Puno, 44, 48, 51, 53, 55; Ulla Ulla, 92. 
$The overall test for equality of means (maximum likelihood ratio criteria, Rao, 1973) is 
significant (MANOVA, (if= 57,14 1; F = 2.5363, p<O.OO I ) .  
sent on all andinus we have examined, including those from nearby Are- 
quipa Department. The cranium of the holotype of lutescens, which might 
allow an unambiguous distinction between a n d i n w  and members of the 
boliviensis group, is unfortunately severely damaged, and the critical maxil- 
lary teeth are missing entirely. The cranium of the paratype of lutescens, 
however, is in good condition. It lacks the characteristic short, broad ros- 
trum and enlarged bullae of a n d i n w ,  and in all respects appears to belong 
to the holiuienszs group. 
Second, lutescens is allied with puer rather than boliviensis. The skins of' 
both the holotype and paratype have pale buffy tips on the ventral fur 
rather than the more deeply buffy or fulvous tips that characterize bolzvien- 
sis. Further, the hind feet of both specimens are small, 19 mm according 
to Allen, a measurement that lies within the range of hind foot measure- 
ments for puer but that is smaller than measurements of most holiuienszs. 
The cranium of the paratype is very small, has an oval M3, MTRL 3.6 mm, 
a posterior alisphenoid extension that does not reach the squamoso-al- 
REVIEW OF BOLIVIENSIS GROUP OF AKODON 73 
isphenoid groove, and other characteristics that make it unambiguously 
puer. 
We also note that Allen first presented the name of this taxon as "lute- 
sens," but later in the description replaced that spelling with "lutescens." 
Allen did not explain the origin of the name, but presumably "lutescens" 
would be derived from the Latin meaning "yellow gray," while "lutesens" 
would come from the Greek for "bather." The former is an apt description 
of the dorsal color of the mouse; the latter appears to be nonsensical. 
Cabrera (1961) stated that lutesens was an apparent lapsus for lutescens, 
emended by Allen himself later on the same page. Other authors (e.g., 
Osgood, 1944; Sanborn, 1949) apparently shared the same opinion, and 
we concur. 
Akodon puer caenosus Thomas 
HOLO.I.YPE.-BMNH 18.1.1.38; adult male (age class 3); skin and skull; 
collected 2 1 August 1917 by E. Budin, original no. 22. ?.  I Y P ~  LocAI.I.I.Y.-L~o~, Prov. JUJUY, Argentina, 1500 m (24"03'S, 
65'26'W). 
EMENDEI) D I A G N O S I S . - A ~ O ~ O ~  puer caenosus is a small, dark race of puer 
found in the southern part of the species' range. It is notable for its small 
size (3-5% smaller in most dimensions than p. puer), relatively delicate 
cranium with especially small zygomatic notches, uniformly dark pelage, 
and diploid chromosome number 2N = 34. 
h ~ ~ ~ . - - A k o d o n  p. caenosus is found in the highlands of northwestern 
Argentina (Jujuy Province) and adjacent Tarilja Department, Bolivia, and 
perhaps also in Salta, Tucuman, and Catamarca provinces, Argentina. 
D E S C : K I P . I . I O N . - E X ~ ~ ~ ~ ~ ~  characters. Akodon p. caenosus is similar in overall 
body size to Peruvian p. lutescens. The color ofp .  caenosus is very dark. In 
the individuals we examined, the pelage lacked the very dark middorsal 
area seen in most p. puer. Individual pheomelanin bands are 1.5-2 mm 
long and Ochraceous Buff. Guard hairs project about 3 mm above the 
surface of the rump in skins, compared to about 5 mm in p. puer, and they 
appear to be somewhat fewer in number. The dorsal pelage gradually 
merges into the ventral pelage. Ventral hairs are slate gray for about three- 
fifths of their length; the tips are strongly buffy. A few white hairs are 
present on the chins of specimens of' p. cuenosus, but most chin hairs are 
gray. As in the other subspecies, a distinct and fairly conspicuous ring of 
pale hairs is present around each eye. 
The tail of p. caenosus averages 69% of the length of head and body, 
shortest of the subspecies. The width of the dorsal stripe is highly variable, 
occupying from one-fourth to one-half the circumference of the tail. Indi- 
vidual hairs near the base of the tail run the length of 2-2.5 scales. 
Cranial characters (Fig. 23; Table 4). The skulls of A .  p. caenosus are similar 
to those of other puer, except that p. caenosus tends to have slightly nar- 
rower zygomatic plates, slightly narrower zygomatic notches, and a slightly 
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shorter basioccipital. Ventrally, the anterior margin of the mesopterygoid 
fossa tends to be arched in p. caenosus; it is usually flat in p. puer. As with 
other taxa of this group, these differences are subtle; age-sorted series 
must be compared for them to be appreciated. 
Male  reproductive tract. No information is available. 
Karyotype. 2n = 34, FN = 40. The karyotype of topotypic specimens has 
been described by Vitullo et al. (1986), and of specimens from Tucuman 
Province, Argentina by Barquez et al. (1980). The autosomal complement 
contains three pairs of large and one pair of very small metacentrics, plus 
12 acrocentric pairs that grade evenly in size from medium to small. The 
X chromosome is a medium-sized subtelocentric; the Y is a very small 
acrocentric in the Jujuy specimens, but is biarmed in those from Tucuman. 
Vitullo et al. (1986) reported a deleted X condition in some females. This 
karyotype differs from those described above for p. puer and p. lutescens 
by three Kobertsonian whole-arm transpositions, rearrangements that pro- 
duce the shift in diploid number but not number of autosomal arms. 
c .  rLOGKAI'HIC: . V ~ ~ ~ ~ . r ~ o ~ . - S p e c i m e n s  from the northern part of the 
range of this subspecies are substantially larger than specimens from 
Tucuman Province (Table 12). 
COMPARISONS.-Comparisons to boliuiensls and other Akodon are made 
above. In Argentina, p. caenoszrs is similar in shape and color to sympatric 
A .  spegazzinii but much smaller in size; Barquez et al. (1980) provided 
comparisons of measurements for these two taxa. From p. puer, p. caenosus 
differs by its small size, narrow zygomatic plate and notches, uniformly 
dark coloration, and distinctive karyotype. Compared to p. lulescens, p. 
caenosus is distinguished by its long incisive fbramina, darker color, and 
unique chromosome morphology. 
Akodon subfuscus Osgood 
Akodon boliviensic ~uhfuscw Osgood, 1944; Field Mus. Natur. Hist., Zool. 
ser., 29: 195 (original description). 
Ho~.oru~t.:.-FMNH 52558; adult male (age class 4); skin and skull; 
collected 29 September 1941 by C. C. Sanborn, original no. 2881. 
Tu1.a LOCAL.I,I-Y.-Limbani, Puno, Inambari drainage, Peru, about 9000 
feet. 
EMF.NDED D I A G N O S I S . - A ~ ~ ~ Q ~  subfUScus is an intermediate-sized member 
of the boliuiensls group with the following combination of characters: nar- 
row zygomatic notches; weakly developed temporal and mastoid ridges; 
large oval, postglenoid, subsquamosal, and median lacerate foramina; rela- 
tively large teeth (MTRL averages 3.74 mm); perimeter of the surface of 
Mbsual ly  oval, with a weakly developed metaflexus andlor trace of a 
hypoflexus sometimes present but never so deep as to give the tooth an "8" 
shape; glans penis with dorsal and (weak) ventral grooves, while the crater 
lip lacks dorsal, ventral, or lateral notches; second diastemal ruga with 
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TABLE 12.-Geographic variation in Akodon puer caenosus*t. 





















*Regions are defined as follows (numbers refer to locality nunibers in Appendix I): Tarija, 
11 1; Jujuy, 114, 115; Tucuman, 122.123, 126, 128. 
TColumns give mean values (mm) for measurements from specimens of age classes 3 and 4. 
"Age corrected" values and distances between regions were not calculated due to the small 
number of specimens in the sample. 
distinct notch; interdental rugae oriented approximately perpendicular to 
the toothrow. The distinctiveness of subfuscus is also clearly established by 
evidence from the distribution of electromorphs described on pp. 8-10. 
RANGE (Figs. 1 1 ,  12).-Akodon subfuscus is widely distributed in the high 
elevations of southern Peru from the western Andean slopes in Ayacucho 
and Arequipa departments, east and south across the deeply dissected 
highlands of Apurimac and Cusco departments LO the eastern Andean 
slopes in Cusco and Puno departments, and southward at least to western 
La Paz Department, Bolivia, at elevations above 2200 m. Its distribution 
in Bolivia is poorly known. In Peru, this species is replaced north of 
Ayacucho by juninensis, and in the Lake Titicaca Basin by both puer and 
boliviensis. 
Two distinctive races of subfuscus live in southern Peru. One, A. s. subfus- 
cus, is found along the eastern slope of the Andes in Cusco and Puno 
departments. The second, for which we shall provide a name below, is 
widely distributed in the central and western Andes of Cusco, Arequipa, 
Apurimac, and Ayacucho departments. As with puer, we first give a general 
description for the species, then treat each subspecies separately. 
GENERAL D ~ s c ~ ~ ~ . ~ . ~ o ~ . - E x t e r n a l  cha acters. Dorsally, subfuscus skins vary 
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from olivaceous to grayish brown and are heavily lined with black. The 
crown, middle of the back, and rump are uniformly colored. The pelage 
over the rump averages 11-13 mm long and the individual pheomelanic 
bands 1-2 mm long. These lengths, as well as the color of the pheomelanic 
bands, vary geographically and will be described further below. Buffy or 
yellowish hairs around the eyes form a faint eyering. The transition from 
dorsal to ventral pelage is gradual. The basal five-sixths of each ventral 
hair is slate gray and the tip dark buff to whitish, with variation among 
populations in tip color. The inguinal region resembles the rest of the 
venter or appears slightly paler. Most specimens have at least a small patch 
of all-white hairs on the chin. 
The tail of subfuscus is sharply bicolored and moderately furry, with 
individual hairs running the length of 2-3 scales. The tail is long, averaging 
75% to 81 % of head-body length. The width of the middorsal stripe varies 
geographically from one-fourth to one-half the circumference of the tail. 
Cranial characters. The skulls of subfuscus are very similar to those of 
Peruvian puer. They are small to intermediate in size (Table 4), the zygoma 
appear weakly flared, the zygomatic notches are narrow and shallow, the 
lacrimals appear small (if present a1 all), the sides of the interorbital region 
are usually rounded (sometimes squared posteriorly), and temporal and 
mastoid ridges are weakly expressed. From the side, the profile of the top 
of the skull is moderately curved, and the frontal region appears slightly 
swollen. The zygomatic plates are of average to slightly less than average 
breadth, and the tympanic hook is usually slender to only moderately stout. 
The  posterior ascending process of the alisphenoid may or may not contact 
the squamoso-alisphenoid groove. 
Ventrally, the incisive foramina are of average size for the group. The 
palate is shallowly to moderately deeply grooved. The posterior end of the 
palate (anterior border of the mesopterygoid fossa) is strongly squared and 
usually has a median spine. The mesopterygoid fossa is either especially 
narrow or of intermediate size compared to other members ofthe boliuien- 
sis group, depending on the population examined. The sides are straight 
to slightly convex. Foramina ovale, median lacerate foramina, and spheno- 
palatine vacuities are of medium size to large. 
Dental characters (Fig. 24). The teeth of subfuscus are generally as de- 
scribed in detail for the boliviensis group. A well-developed parastyle and 
mesostyle are present on M1, a metalophule is usually present but tiny, and 
the enterostyle is absent. On M2, an anterior cingulum and mesostyle are 
present and conspicuous, while enterostyle and metalophule are usually 
missing entirely. As in puer, the M3 tends to be small and less complex than 
in boliviensis, with the hypoflexus and metaflexus either absent or at most 
very shallow (us. strongly developed in boliviensis). 
On the lower jaw, subfuscus differs from boliuiensis in that an ectostylid is 
often seen on M p  and an anterior cingulid on M:, (but these structures are 
not present on all specimens, nor is either invariably absent in bolzviens~). 
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FIG. 24. Molars of Akodon s u b f i ~ s c z ~ s .  Upper left molars on top; lower left molars on bottom. 
From left to right, M\'Z 174254 (age class l ) ,  MVZ 172991 (age class 3), UMMZ 160793 (age 
class 5). 
Accessoq reproductive glanhr. These structures are generallv as described 
for the group. The medial ventral prostates are especiallv small, and the 
vesicular glands lack the distinctive knobs found in some species. 
Phallus and haculum (Fig. 25). The  glans is short and stout, sub-cvlindri- 
cal, with the dorsum flat and venter convex in profile. A ventral groove is 
weaklv developed and confluent with the crater lip; a dorsal groove is well 
developed and also confluent with the crater lip. Epidermal spines are verv 
fine and short, averaging 0.07 mm long and 11 per millimeter along the 
ventral midline; thev grade to a somewhat smaller size distally. The  spines 
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FIG. 25. Ventral, right lateral, and dorsal views of the phallus o f  Akodon S U ~ ~ ~ ~ S C Z C T ;  line = 5 
rnm. The individual depicted (MVZ 174160) is a member of the subspecies of  suhfi~~c~ls 
described below. 
are imbedded in very shallow individual pits; both the small size of the 
spines and the shallowness of the pits give the epidermis a distinctively 
smooth texture compared to that of hol iv i~nsis .  T h e  crater lip is very thin 
and only weakly distinguishable from the spinous epithelial body of the 
glans; it does not completely surround the crater. Neither ventral, dorsal, 
nor lateral notches are present. Both lateral and medial bacular mounds 
extrude distally from the crater rim; the medial mound is only slightly 
higher than the lateral ones, and its tip is curved dorsally rather than 
projecting straight outward from the glans as in holiviensis. Urethral flaps 
are long and well developed, taper distally, have well separated tips, and 
extend beyond the crater rim so as to be visible externally; no obvious 
spines or  other ornamentation are present. T h e  dorsal papilla is rather 
small and onlv its base is surrounded by folds of tissue extending from the 
medial mound to the inner crater wall; it is elongate in shape, with a 
distinctly tapering tip. 
T h e  proximal baculum is short and stocky, with a flared base that lacks 
a medial flange (except in one specimen from above Ollachea, Puno [MVZ 
172982]), and with a distinct medial notch. T h e  shaft is thick and straight 
in lateral aspect. The  distal baculum is well developed, with the lateral 
digits about three-fourths the length of the medial one. T h e  proximal 
baculum is relatively longer in specimens from the Sangabin valley (Puno 
Department) than those from either Cusco or  Arequipa departments, aver- 
aging 2.33 times the distal bacular length (range 2.32-2.34) as opposed to 
2.02 times that length in others (range 1.82-2.20). 
Palatal ncgaP (Fig. 7). Akodon suhfirscus has an arched first diastemal ruga 
with straight sides, a wavy second diastemal ruga with a distinct medial 
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notch, and interdental rugae that tend to be straight in their transverse 
portions. This pattern is the same in all subfuscus examined from eastern 
(Cusco Department) and western (Arequipa Department) segments of the 
range of this species. 
Karyotype. 2n = 40, FN = 40 (Fig. 19C). The autosomal complement is 
identical to that described above for boliviensis and puer. The X chromo- 
some is a medium subtelocentric as in puer, but the Y is a very small 
acrocentric, equivalent in size to the small biarmed autosomal pair. 
HABITA-r.-AS with all Peruvian and Bolivian members of the boliviensis 
group, subfuscus is a denizen of bunchgrass habitats in the high elevations 
of the Andes. It is particularly common in mixtures of grass clumps and 
shrubs or of grass and large exposed rocks, as along walls of corrals or 
houses, but where the soils are relatively soft and fine grained. Its ecologi- 
cal relationships with sympatric Akodon andinus, Bolomys amoenus, and 
Chroeomys jelskii are discussed above, p. 56. 
In the western parts of its range in Peru, A. subfucus co-occurs with a 
sigmodontine assemblage that includes Auliscomys pictus and sublimus, Phyl- 
lotis dnrwini and rnagzster, Calomys lepidus and sorellus, Neotomys ebriosus, 
Chinchillula sahamae, and species of Oligoryzomys. In Cusco and Puno de- 
partments, Akodon subfucus is sympatric with Auliscomys pictus, Phyllotis dar- 
wini and osilae, Calomys sorellus, Chinchillula sahamae, Neotomys ebriosw, 
Oxymycterus paramensis, Microryzomys altissimus, and species of Oligvvyzomys. 
COMPAKISONS.-This species is not known to occur in sympatry with 
either boliuiensis or puer, although their respective ranges nearly meet along 
the border between Cusco and Puno departments in southern Peru, and 
along the crest of the Cordillera Carabaya in northern Puno Department 
(Figs. 11, 12). In these areas, subfuscw can be distinguished from either 
boliuiensis or puer by a combination of the following differences (most of 
which can best be seen when animals of the same age class are compared). 
Compared to boliuiensis, subfuscus is darker and has less complex M3s; less 
strongly developed cranial ridges; narrower zygomatic notches; first dias- 
temal ruga arched and second ruga notched; and glans penis clothed with 
small spines, giving it a smooth (us. shaggy) appearance. Compared to puer, 
with which it is most similar both morphologically and electromorphically, 
subfuscus from Puno Department can easily be recognized by its distinctly 
larger overall size (intermediate between puer and boliuiensis) and much 
darker color. In general, the zygomatic notches in subfuscus average 
broader than in puer, and the teeth of subfuscus are distinctively larger. The 
bony palate also appears to be less deeply grooved in subfuscus than puer. 
Parapterygoid plates tend to be more deeply excavated in subfuscus (but old 
puer have more deeply excavated plates than young subfmcus), and the 
lateral margins of the plates tend to be more convex (especially in old 
individuals). The tympanic hook of subfuscus is usually stouter (but not as 
stout as in boliuienszs). Individuals in most populations of A. subfuscus also 
differ from puer in that there is considerable variation in subfuscus as to 
whether the posterior ascending process of the alisphenoid contacts the 
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squamoso-alisphenoid groove (while it almost always does not in puer). 
Finally, the arched first diastenlal ruga, notched second ruga, and rela- 
tively straight interdental rugae of .subfuscw all serve to distinguish it from 
puer. 
Akodon subfuscus is known to occur sympatrically with Akodon juninensls 
in Ayacucho Department, Peru. The morphological differences between 
these two species are subtle, and in fact the electromorphic characters 
described above provided the first evidence that two separate species might 
exist. Akodon subfuscus diff'ers from juninensls by having on average a larger 
and relatively broader cranium, broader zygomatic plates, much larger 
foramina ovale, larger postglenoid fbramina, M' with a relatively deep 
anteromedian flexus, and glans penis lacking a dorsal notch on the crater 
lip. The cranial characters in particular can only be appreciated if same- 
age individuals are compared. The soft palate of subfwcus also differs from 
that of juninensls in the same way as it differs from that of puer. 
Akodon subfuscus also occurs sympatrically with mollzc--like fbrms, and, in 
f'act, the type series of subfwcus from the Limbani Valley in northern Puno 
includes several individuals of Akodon kofordi, a recently described species 
close to A. fumeus and perhaps A. mollis (Myers and Patton, 1989a). Akodon 
subfuscus differs from kofordi and its relatives, however, by usually being 
smaller and, in particular, by having a relatively narrow and parallel-sided 
mesopterygoid fossa (rather than broad and often lyre-shaped) and large 
sphenopalatine vacuities (Myers and Patton, 1989a). 
GEOGKAPHIC VAKIA-rlo~.-Samples of' A. subfuscus were available from a 
number of localities in southern Peru. Specimens representing populations 
in the northeastern part of the range of this species (Puno, most of Cusco, 
and northern Apurimac, central Ayacucho, and eastern Huancavelica de- 
partments) were consistently darker and 5% larger than those from the 
southwestern and western part of the range (southern Cusco, Arequipa, 
southern Apurimac, and southern Ayacucho departments); these differ- 
ences were statistically highly significant when individuals of the same 
toothwear class were compared (MANOVA, Age Class 3, F =  25.31, 
df= 19,197, p<0.0001; Age Class 4, F =  13.44, df= 19,94, fi<0.0001; Age 
Class 5, F=3.28 ,  df= 19,47, p<0.001; comparisons not made of' age-ad- 
justed measurements for reasons described below). Based primarily on this 
difference, the electromorphic patterns described above, and on differ- 
ences in coloration noted below, we formally recognize two subspecies of 
Akodon subfuscus, as follows: 
Akodon subjificus su.bfuscw Osgood 
EMENDI.:D D I A C N O S I S . - P O ~ U ~ ~ ~ ~ O ~ S  assigned to A .  s. subfuscus are distinc- 
tive fbr their very dark dorsal ancl ventral coloration and their overall large 
size. 
RANGE.-The nominate subspccies is found along the eastern escarp- 
ment of the Andes between 1900 m and 4100 m elevation in Puno, Cusco, 
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northern Apuri~nac, central Ayacucho, and eastern Huancavelica depart- 
ments, Peru (Fig. 11). 
D~sc~r~~.r~o~.-External  char cters. The overall color pattern is as de- 
scribed for the species. Dorsally, the fur is dark, appearing dark olivaceous 
brown. Fur hairs over the rump average 12-13 mm long. Pheomelanin 
bands on individual hairs in this area are 1.0-1.5 mm long and approxi- 
mately Ochraceous Buff. Numerous black guard hairs are present; these 
project 5-6 mm beyond the ends of the fur hairs. Ventrally, Ochraceous 
Buff tips on the hairs give the pelage the appearance of being washed with 
buff. The chin has a large patch of monocolored white hairs. 
The tail of s. subfuscus is long (75% of head-body length) and strongly 
bicolored, with the black stripe occupying one-third to one-half the circum- 
ference of the tail. The tail appears moderately hairy, with individual hairs 
the length of 2-3 scales. 
Cranial characters. In shape, skulls of s. sz~bfuscus are as described for the 
species. Individuals from these northeastern populations average 5-10% 
larger than individuals from other areas (Table 4, Fig. 26, and below). 
Dental characters. The teeth are as described for the species, except that 
within the populations of s. subfuscus we sampled all individuals that could 
be scored had at least a trace of an ectostylid on both M, and M:, and an 
anterior cingulid on MS. 
H A B I . ~ A . ~ . - T ~ ~ s  subspecies inhabits lush bunchgrass and bunchgrass- 
shrub or bunchgrass-large rock associations above the elfin forest on the 
eastern Andean escarpment (Fig. 27). 
C o ~ r ~ ~ r s o ~ s . - - S e e  the description of the next subspecies. 
GEOGKAPHIC VAKII\.I.ION (Table IS).-Some variation in color was noted 
among populations within the northeastern geographic unit of s. subfwcw. 
Specimens from the various drainages on the eastern slope in Cusco 
(Urubamba and Cosiiipata) and Puno (Sangabin and Limbani, the latter 
including the holotype) are dark dorsally, with animals from the more 
northern drainages darkest, although only minimally different from those 
from the southern parts of'the range. Specimens taken from the Sangabin 
drainage above Ollachea in Puno Department differ from all others in 
having whitish (rather than buffy) tips on their ventral hairs, giving their 
venters an overall pale grayish to faintly buffy cast (dark grayish and more 
strongly buffy in other samples). These specimens are also among the 
largest of the subspecies. 
Specimens from the northeastern side of Lake Titicaca in La Paz Depart- 
ment, Bolivia, appear to be s. subfuscus, and we tentatively place them in 
this subspecies. They average about 6% larger in most cranial dimensions 
than individuals from elsewhere within the range of s. subfuscus. Their 
large size appears to represent the continuation of a northwest to southeast 
cline of increasing body size, beginning with the small animals of Arequipa 
and Ayacucho departments. The increase in the width of the mesopte- 
rygoid fossa is especially notable; it averages 17% larger in the specimens 
fro111 La Paz compared to those from adjacent Peruvian populations, and 
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FIG;. 26. Dorsal, ventral, and lateral views of crania of Akodon .srrhfusclr.s suhf i~sc~rs  (MVZ 
172966. left) and A .  subfnscus ssp. tzorl., described below (Mlr7, 174 1 14, right). 
Flc.. 27. Habitat of Akodon s ~ r h f i r . ~ ~ ~ ~ . ~  \trhfir.$r11.s at two localities o n  the eastern Andean slope, 
Crisco Department. Peru. A. Below Abra Acanacu. 32 km bv road N E  Paucartambo, 3140 m 
(contact between phrnmo muv h t i m ~ d o  clrhnlprno qtrhtr@tcnl and ho\qlr~ plur~zal montnno suhtroprcal; 
To~i, 1960). A .  sl~hfirsclr.~ occurs in the gras3land. A. torqups is common in patches o f  elfin forest. 
R .  Piri Vallev, 26 kni bv road NM' Ollantavtambo, 3770 m ( b o j q t r ~  mlrv h z i m ~ d o  montnno suhtropt- 
cal;  Tosi. 1960). Highlv disturbed bunchgrass and Rnrrhnt7.s shrub communitv amid human 
dwellings. 
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nearly 65% larger than those from Ayacucho and Arequipa departments 
in southwestern Peru. The status of Bolivian populations is questionable; 
additional material (including tissues for electrophoretic analyses) is 
needed to verify their relationship with subfuscus. 
Akodon subfuscus arequipae new subspecies 
HOI.O.I-YPL-MVZ 174114; young adult male (age class 3); skin, skull 
and tissues; collected on 10 July 1987 by J. L. Patton, original number 
13645. 
TYPE LOCAI.II.Y.-15 km S Callalli, Depto. Arequipa, Peru, elevation 
4150 m. 
DIAGNOSIS.-Akodon s. arequipae is a race of'subfuscus characterized by its 
small size, pale pelage, and especially narrow mesopterygoid fossae. 
RANGL.-Akodon s. arequipae is known from the central and western An- 
des of' Cusco, Arequipa, southern Apurimac, and southern Ayacucho de- 
partments at elevations between 3200 and 4420 m. 
D ~ s c n ~ ~ . ~ ~ ~ o ~ . - E x t e n z a ~  characters. The dorsal pelage appears grayish 
brown and rather pale, without striking olivaceous or brown tones. The 
fur averages 11-12 mm long in the mid-rump area, and pheomelanin 
bands appear longer than in s. subfuscus, averaging 1.5-2.0 mm. These 
bands are approximately Warm Buff. The ventral pelage is tipped whitish, 
grayish, or faintly buffy, never taking on the deep buffy, almost orange 
hues of the ventral pelage found on members of northeastern populations 
of s. subfuscus. 
The tail is long (81% of head-body length) and sharply bicolored, with 
a narrow black dorsal stripe only one-fourth to one-third the circumfer- 
ence of the tail in width. Individual hairs from near the base of the tail run 
the length of 2.5-3 scales. 
Cranial characters (Fig. 26). As noted above and in Table 4, specimens of 
s. arequipae are smaller on average than specimens of s. subfuscus. The 
difference in size is most notable in animals of age class 3 (n= 97 s. subfus- 
cus, n - 126 S. arequipae), for which measurements of length such as condy- 
loincisive length, rostra1 length, nasal length, orbital length, and others are 
from 5 to 10% larger in s. subfuscus than in s. arequipae. Width measure- 
ments tend to show less difference, with most no more than 5% larger in 
s. subfuscus. The most striking difference, however, is in mesopterygoid 
fossa width, in which s. subfuscus averages 26.9% broader than s. arequipae. 
Differences in size are less in older animals; in age class 4 (n = 87 s. subfm- 
cus, n=35  s. arequipae) most length measurements are 5-6% larger in s. 
subfuscus (breadth measurements remain 0-5% larger); the mesopterygoid 
fossa width in s. subfuscus averages 25.4% larger than in s. arequipae. In age 
class 5 (n= 35 s. arequipae, n = 35 s. subfuscus), all differences are under 4% 
except mesopterygoid width, for which s. subfuscus averages 10.5% greater. 
Dental characters. In general, the teeth of s. arequipae are as described for 
the species. They differ from those of s. subfuscus, however, in that the 
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mesostylid on MI is usually tiny or absent (us. usually large), and the 
mesostylid on M2 is usually missing entirely. Further, most individuals 
examined appeared to lack an anterior cingulid on Mg (n =5 of 6 exam- 
ined), while all s. subfuscus young enough to show this structure (n = 6) had 
at least a trace. 
HAHI.I .A.T.-A~o~o~ S. arequipae is found in bunchgrass clumps associated 
with large shrubs and/or rocks in xeric western slope communities domi- 
nated by thorny shrubs and cacti (Fig. 28B). It also ranges in open llanos 
of bunchgrass and lower stature shrubs at higher elevations (Fig. 28A). 
c o ~ r ~ ~ ~ s o ~ s . - M e m b e r s  of thi  subspecies differ from members of the 
nominate subspecies by being paler and smaller, and by having (on aver- 
age) narrower mesopterygoid fossae. There is considerable geographic 
variation in electromorphic characters, but most s. arequipae populations 
possess the GOT-113'~'00 and PGIIfi7 alleles, while s. subfuscus populations 
do not. 
AGE V ~ ~ ~ ~ - r ~ o ~ . - S p e c i m e n s  of s. arequipae differed from all other 
members of the boliuiensis group in the relationship between toothwear 
class and cranial size. As described under Methods, in most taxa of the 
group measurements of cranial dimensions increased approximately line- 
arly with increasing toothwear class. This pattern allowed the "adjustment" 
of all measurements taken from individuals in classes 2-5 to a common 
toothwear class. As long as the relationships are linear, and insofar as an 
individual's toothwear class reflects its age, this procedure results in age- 
corrected measurements and allows comparison of individuals whose ac- 
tual age may not be the same. 
Curiously, the relationship between toothwear class and several cranial 
measurements in s. arequipae was strongly curvilinear, in each case due to 
an unusual amount of growth between toothwear classes 4 and 5. The 
difference was so great that we were unable to transform the original 
values to linearity. For each variable, however, growth between classes 2-4 
was approximately linear. The comparisons of age-adjusted measurements 
made below are based on these age classes only, and as is the case for other 
taxa, these age-adjusted measurements are used only for comparisons 
within the taxon on which the regression is based. 
The reason for and taxonomic significance of this diPPerence in the 
relationship between cranial size and the rate of erosion of the molar 
surface is unknown. Possible explanations include (1) growth actually accel- 
erates between classes 4 and 5 in s. arequipae compared to others in the 
boliuiensis group; (2) the rate at which teeth wear in older s. arequipae is 
slower, so that the difference in age between toothwear classes 4 and 5 is 
greater in s. arequipae than in other taxa of the group. A difference in the 
rate of toothwear might be due to dietary differences (e.g., less reliance 
on abrasive foodstuffs in arequipae) or due to differences in the teeth them- 
selves that make them less susceptible to wear. Why this might affect indi- 
viduals in toothwear class 5 more than others is not known. 
GEOGKAPM~C V ~ ~ ~ . r ~ o ~ . - S p e c i m e n s  from Arequipa and western Cusco 
FK.. 28. Habitat of Akodotz ~~ihflLScz~c n r ~ q u t j ~ n ~  at two localities in Arequipa Department, Peru. 
A. 2 krn M' Sumbab, 4200 m @cirnmo htirnpdo ctihalptno crihtmj)tml. T o s ~ .  1960). A.  cuhfn~r l i .~  and 
Chro~omvv  ~ ~ l . c k t t  are common inhabitants of the puno I~unc hgraqc and tola shrub habitat in the 
foreground; A .  nndznlis occurs In the dwarf shrul) hahitat o n  the slopes above the road that 
runs through the middle of the photograph. B. 1 km N Ch~vav, 3700 rn ( m n l ~ x  d~tkr t lcn  
montnno; Tosl, 1960). A.  ctlhfiisrla is the onlr ,~kodontlne at this locallt\,. 
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TABLE 14.-Geographic variation in Akodon subfmcus arequipae*?. A. "Age corrected" mean 
values (mm) for measurements from specimens representing each regional sample. B 
Mahalanobis distances (based on "age-corrected" measurements) describing the overall 
morphological differences among populationst. 
A. 
South South North 






























*MFL was omitted due to the large number of missing values. 
?Regions are detined as follows (numbers refer to locality numbers in Appendix I): South 
Ayacucho, 72-74; South Apurimac, 78-79; North Arequipa, 80-8 1; Callalli, 82-84; Arequipa, 
85-89. 
$All distances are statistically significant at pt0.0001 except South Ayacucho-South Apurirnac 
(@=0.10), and the overall test for equality of means (maximum likelihood ratio criteria, Rao, 
1973) is also significant (MANOVA, rlJ= 76,656; F=6.5789, p<0.0001). 
departments appear slightly paler and grayer than those from Ayacucho, 
Apurimac, or  Huancavelica departments. 
Age-corrected cranial measurements were calculated as described above 
(age classes 2-4), and comparison of regional samples (Table 14) revealed 
significant differences among these groups. Specimens from the Acari 
river drainage in southern Ayacucho Department averaged 2-7% larger 
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than others, with the greatest differences found in IFL, DL, and AW. 
Specimens from near Cailloma, Arequipa Department (North Arequipa 
sample in Table 14), tended to have narrow crania, averaging 211% 
smaller than other arequipae in measurements such as ZB, BB, IOC, RW, 
KW2, and AW, as well as in IFL, ZP, and CD. These specimens also had 
markedly narrower mesopterygoid fbssae, with MFW averaging only 12% 
smaller than in s. subfuscus (us. 18-30% in other populations of s. arequipae; 
Table 14). 
CONCLUSIONS 
The  species we treat here as members of the holiuiensis group are exceed- 
ingly similar in virtually all aspects oftheir  morphology and genetics, and 
it seems likely that they represent phylogenetically closely related entities. 
Nevertheless, we do  not know at present if this group will prove to be 
monophyletic relative to the remaining species within the subgenus Akodon, 
or  whether other currently recognized forms, or  those awaiting discovery, 
will be found to be members ofthis group. Members of the boliuiensis group 
probably have a close relationship to Akodon rnollis (including orophilus, 
orientalis, and altorum), which replaces the holiuirr~sis group geographically 
in northern Peru and Ecuador. Members of the boliuiensi~ group also may 
have close relationships to Akodon azarur (including subspecies hihianae and 
hunteri [following Cabrera, 1961 and Massoia, 19711) in northern Argen- 
tina, Uruguay, and Paraguay. 
Within the holiuiensis group as recognized here, juninenszi, subfuscus, and 
pu.er appear more similar morphologically and we suspect more closely 
related to each other than to holiuiensis itself. 'I'he first three species share 
contiguous or  nearly contiguous ranges, with minimal or  no geographic 
overlap, whereas holiuiensis and puer are broadly sympatric and strongly 
segregated by habitat over most of Puno Department in Peru. Moreover, 
these three species share details of the cranium, teeth, and male phallus 
that set them apart from all other Akodon, including holiuiensis, that we have 
examined. Shared cranial and dental features include the small M3 without 
strongly developed hypoflexus or  metaflexus, small and narrow zygomatic 
notches, weakly developed cranial ridges, moderately to very slender tym- 
panic hook, and in general, small size and delicate construction. Shared 
features of' the phallus include fine epidermal spines and a generally 
smooth appearance to the phallic epidermis, a sub-cylindrical shaft, very 
narrow crater lip area, lack of verltral and lateral crater notches, exposed 
lateral as well as medial bacular mounds, elongated and strongly tapering 
urethral flaps that are usually exposed distally, and a dorsal papilla that is 
only minimally imbedded in basilar tissue folds. We lack information, how- 
ever, concerning the condition of most of these characteristics (especially 
soft anatomical structures) in outgroup species, so that at this time cladistic 
treatment of morphological characters is not possible. 
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The overall slightly greater similarity among juninensis, subfuscw, and 
puer does not, however, extend to all genetic distance measures based on 
the electromorphic analyses. Akodon juninensis is placed as a sister group 
to the other three species in the UPGMA phenogram (Fig. 2A); this is due 
to its possession of uniquely fixed alleles at two loci (while the other three 
species are likewise characterized by unique alleles, in no case are any of 
these fixed). In the Wagner tree (Fig. 2B), however, juninensis is placed 
with puer and then subfuscus relative to boliuiensis, in agreement with our 
assessment of the morphological similarities of the four taxa. 
There is no resolution at all of the phyletic relationships among these 
taxa when patterns of shared alleles are examined. There are a total of 59 
alleles for the 26 loci examined among the four species, 22 of which are 
shared with an outgroup taxon, Bolomys amoenus (and thus are probably 
symplesiomorphic; see Table 2 and Patton et al., 1989). Of the remaining 
37 alleles, 20 are autapomorphic for individual species, four are synapo- 
morphic to the four taxa relative to Bolomys, and the remainder are distrib- 
uted among pairs or triplets of the four, with no fewer than one allele, nor 
more than three, linking any pair or triplet. The boliuiensis-subfuscw pair 
is linked by three, boliuiensis-puer by two, and the pairs puer-subfuscus and 
subfuscus-juninensis by one each. The triplet puer-subfuscus-juninensis shares 
but one allele, and that of boliuiensis-puer-subfuscus shares three. 
This pattern of allele sharing results in the following conclusions about 
relationships among these taxa: (1) the generally more divergent place- 
ment of boliviensis in both distance trees (Fig. 2) is a product of its larger 
number of high frequency unique alleles (3 of 4) and greater frequency 
differences for some alleles shared with other taxa; (2) juninensis has rela- 
tively large distances to other taxa because it has a low number of total 
alleles and is fixed for unique ones at two loci; and (3) cladistic relation- 
ships cannot be resolved with any confidence beyond a simple polychotomy 
relative to the outgroup taxon, Bolomys amoenus. 
If the boliuiensis group as we currently recognize it is indeed a mono- 
phyletic taxon, then the electromorphic data suggest the following with 
regard to the derivation of its species. First, the timing of differentiation 
and speciation was relatively recent. The level of divergence recorded 
among the four species is low but within the range of differences seen for 
other pairs of rodent species (see above and genetic distance summaries 
in Selander and Johnson, 1973; Nevo, 1978; and Avise and Aquadro, 
1982). The electromorphic distance values across the range of each species 
are in the neighborhood of those values for local populations of other 
rodents. Second, the pattern of divergence appears to result from geo- 
graphic splitting, or vicariance, of a once widely spread ancestral taxon, 
with each present species evolving in situ from this ancestral base. This 
seems particularly so for the triad of species juninensis, subfwcus, and puer, 
and their included races. 
Finally, we offer some suggestions as to the direction that future re- 
search with these species should take. Most obviously from the accounts 
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presented above, the geographic limits and ecological relationships of jun- 
inensis and subfuscus need to be determined. Unfortunately, with the infor- 
mation available, these two forms are not easy to distinguish in the field. 
Similarly, additional fieldwork is needed across Abra La Raya, on the 
Cusco-Puno border, as well as across the Cordillera Carabaya in northern 
Puno Department, to determine the distributional, ecological, and geneti- 
cal relationships between subfuscus and puer. These problem areas in Peru 
are reasonably well defined because of the extent of materials of all types 
available to us now. However, Bolivia and northwestern Argentina repre- 
sent open domains for continued field work. It is difficult at the moment 
to identify specific areas that need more effort than others in these areas 
because good series of specimens, necessary for age-corrected compari- 
sons, are few indeed. We believe it likely, however, that when levels of 
geographic analyses are carried out for these regions similiar to those 
presented above for southern Peru, additional taxa of the boliviensis group 
will deserve recognition, and a reevaluation of our conclusions here will 
be necessary. 
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APPENDIX I 
GAZE~I-EEK ANII LISI. OF SPEC:IMENS OF 
- r m  Akodo~z 60liuiensZT GKOUP EXAMINEII 
Localities are numbered below sequentially from north to south as 
shown in Fig. 29. For each locality, data include the species identifica- 
t ion(~),  museum repository (as identified in the Materials and Methods 
section), the number of specimens by sex that have been examined, and 
indication of specimens karyotyped [K] or examined biochemically by elec- 
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trophoresis [El. A few specific localities could not be located; these are not 
mapped but are listed below. Other localities were not mapped because of 
close geographic proximity; these are listed under the same number below 
and on the map. Elevations have been converted to meters for all localities, 
even if given in feet on the original specimen labels. 
PERU 
ANCASE I:  
I .  2 km W Yupash [=Llupash], 3030 nl (pninensw: 3 females, MVZ 139220-139222). 
2. 25 mi S Huaras, 3790 rn (junznei~tis: 2 females, MVZ 137958-137959). 
3. 6 mi WSW Cahuel Tunnel (on rd to  Chavin), 3940 m (juninensis: 1 male, MVZ 137947; 
1 female, MVZ 137948). 
JUNIN:  
4. Neat- San Blas, 4250 m (juninensh: 1 rnale, UMMZ 120285). 
5. 22 krn N La Oroya, 4040 m (junine?~sz\: 3 males [all El, MVZ 173041-173043; 3 females 
[all El, MVZ 173038, 173040, 173044). 
6. 9.5 mi N La Oroya, 3950 m (juniner~~i.~: 14 males, AMNH 231317, 231324-231326, 
231338, 231340, 231346, 231702, 23 1745, 231945, 232638-232641; 16 females, AMNH 
231318, 231319, 231322, 231327-231329, 231331, 231332, 231334-231337, 231341, 
231676, 231679,251703). 
7. l'omacocha, Yauli Valley, 4300 m (juninrnsis: 2 males, MVZ 137606, 137607; 2 females 
[both K], MVZ 137966, 137967). 
LIMA: 
8. 1.2 mi W Chinchan, 4730 m (jrminrnszs: 2 males, AMNH 231349, 231352; 6 females, 
AMNH 231351, 231354, 231356-231359). 6.3 mi W Casapalca, 3900 m buninemis: 23 males, 
AMNH 231363, 31374, 231377, 231379, 231381, 231383-231385, 231387, 231391, 231400, 
231403, 231406, 231414, 231419, 231425, 231428, 231442, 231443, 231445, 231446, 
232633, 232634; 10 females, AMNH 231382, 231386, 231399, 231402, 231407, 231409, 
23141 1, 231427,231429,231438). 
9. Villavista, 3700 n~ (junzneluic: 1 female, MVZ 119929). San Mateo, 2900 m (juninensis: 1 
rnale, MVZ 119928). 
10. Zal-ate, 6 mi E Pueblo Sarl Bartolome, 2725 In (juninentit: 2 males, MVZ 119931, 
119932; 1 female, MVZ 119930). 
HUAN(:AVEI.I(:A: 
1 1. Hda. Piso, Locroja (junznenrk: 1 male, FMNH 7556 1 ) .  
12. Lircay (.szrt$ucrw subfi~~cus: 3 males, FMNH 75520, 75521, 75563; 3 females, FMNH 
75522, 75562, 75564). 
AYA~:U(:IIO: 
13. 2 mi SE Huanta, 2775 m (subf~\crw- s~ibJus(:us: 2 males [both K], MVZ 141321, 141322). 
14. Huanta (strbfuscur subfuscus: 2 males, FMNH 75516, 75517; 2 females, FMNH 75518, 
75519). 
15. Pacairasa, Ayacucho Basin, 2650 In (sut$uscut .subfu\(:rw: 2 males, UMMZ 120274, 
120276; 1 fernale, UMMZ 120275). Chunyacc, Ayacucho Basin, 3600 m (subfiw-cus subfuscus: 
3 males, UMMZ 120277, 120278, 120281; 3 females, UMMZ 120279, 120280, 120282). 
Tucurnacha, Ayacucho Basin, 4250 In (subfu.scrw subfiucus: 1 male, UMMZ 120284; 1 female, 
UMMZ 120283). 
16. San hfiguel Tambo (suOfuscus s~~bjz~scw:  3 males, FMNH 75512-75514; 3 females, 
FMNH 75515, 75559, 75560). 
17. Hda. Pajonal, Ocros, 2200 m (sz~bfuscw sul$~~cus: 2 males, FMNH 75511, 75536; 1 
female, FMNH 75558). Ocros, 3150 m (subfu.~cu~ subfiw-crw: 1 male, FMNH 75494; 3 females, 
FMNH 75492, 75493,75495). 
APUKI~\IA(:: 
18. Uripa, Andahuaylas, 3100 m (si~bfi1scus ubfiwcus: 1 male, FMNH 75557; 1 female, 
FMNH 75535). 
19. Hda. La Laguna, Andahuaylas, 3040 m (subfuscus subfuscrw: 4 males, FMNH 75529- 
75531, 75533; 4 females, FMNH 75528, 75532, 75553,75554). 
KEVIEW OF BOLIVIENSIS GROUP OF AKOLION 97 
FIG. 29. Collectirlg localities for members of the Akodon boliuie~zsis group. Localities are 
numhered as in the gazetteer (Appendix I). Elevational contours of 1000 and 3000 m are 
indicated. 
20. Hda. Palmira, Andahuaylas, 2200 rrr ( . t u b f i c u ~  subfuscw: 3 males, FMNH 75524-75526; 
5 females, FMNH 75510, 75523, 75527, 75550, 75551). Hda. Mozobamba, Andahuaylas, 
2300 In (sul,frrscus subfi~scus: I male, FMNH 75556; 1 ternale, FMNH 75555; rlot located but 
presumed near Hda. Palmira). 
21. Hda. Matara, Quebrada Matara, 1880 m (.rubfusri~< S U ~ ~ W C U J :  1 male, FMNH 52566; 2 
females, FMNH 52567, 52568). 
22. 28 krn by rd NE Abancay, 3620 m (sut)fu.rccu ~ut) f i~scus:  2 rrlales [all El, MVZ 174237, 
174238; 1 female [El, MVZ 174236). 
Cusc:o: 
23. Machu Picchu, 3640 m (subfusc~w .subfuscu.c: 1 male, UMZ 17019). 
24. 20 km E Machu Picchu, 3725 rn, 3880 rn, 3940 111, 4060 m (subfmcz~c subfmcur: 4 males, 
FMNH 107803, 107805, 107810, 107817; 4 females, FMNH 107807, 107814, 107822, 
107826). 
25. Below Abra Mblaga, 90 km SE by rd Quillahamba, 3540 m ( s u b f ~ ~ c u r  subficrcus: 1 male 
[El, MVZ 166721; 1 female [El, MVZ 1 6 6 7 ;  2 males [both El, UMMZ 160530, 160531[K]). 
26. 26 km NW hy rd Ollantaytarnbo, 3700 rn (subfuscus sub fusc i~~:  6 males, MVZ 174223- 
174226 [all El, 174229[E], 174375; 8 females, MVZ 174227[E], 174228[E], 174231-174235 
[all El, 174374). 55.4 km by rd N Calca, 3560 m (~ub fusc~rs  ~ub fusc~ l s :  1 male, UMMZ 160793). 
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27. Ollantayt;nribo, 2800 rri ( S U ~ I ~ I A \ C I I J  su6f~ccu.s: 3 males, USNM 194675, 194751, 194752; 
4 females, USNM 194746, 194749, 194750, 194757). 
28. Chospiyoc, 3030 111 (subfu.\c~w si16fu.scu.c: 1 male, USNM 194673; 1 female, USNM 
194743). 
ller 29. Huarocondo, 3330 rri (sul~jwclw subfuscuc: 3 rnales, USNM 43375, 43376, 43379; 2 
fernales, USNM 43377, 43378). 
30. Cusco, 3400 rn (subJiwrrw subfu.sl:w: 2 males, FMNH 52570, 52571; 2 females, FMNH 
52569,52572). 
31. Hda. Urco, near Calca, 2880 rn (subfuscw subf i~ccw:  4 males, FMNH 49686, 49690, 
49691, 49693; 5 females, FMNH 49687-49689, 49692, 49694). Hda. l'aullo Grande, Calca, 
2900 m (s110f1wcus ubf~wcils: 2 males, FMNH 84420, 84421; 1 female, FMNH 84423). 
32. Pisac, Arnpay, 3000 m (su1gu~cu.s .sulifwcw: 2 males, FMNH 84419, 84424; 1 female, 
FMNH 84423). 
33. 10 krn N I'aucartambo, 3150 m (sz~bfwcus  sub fwc~~ .~ :  1 female, MVZ 115661). 
34. 32 km NE by rd Paucartarnbo, 3 140 m (subfmcu.s.sul,fusct~s: 4 males [all El, MVZ 171571- 
171573, 171576; 5 females [all El, MVZ 171574, 171575, 171577-171579; 1 male [El, UMMZ 
160805). 
35. 20 krri N by rd Paucartarnbo, 3580 rn (subfuscu.~ uhJ%Wcus: 7 males [all El, MVZ 171580- 
171583, 171586, 171588, 171580; 4 females, MVZ 171584[E], 171585[E], 171587[E], 
172365). 
36. Tres Cruces, 18 km N Paucartarnbo, 3610 m (sv1~iwc11.s suOfucw: 1 male, MVZ 115663; 
4 females, MVZ 115662, 115664-1 15666). 
37. 5 km N Huancarani, 3870 rn (subfu.ccus .subfilscus: 9 rnales, MVZ 171590, 171593, 
171594, 171597[E], 171599[E], 172366172368, 172370; 7 fernales, MVZ 171591, 171592, 
171595[E], 171596[E], 171598[E], 171600[E], 172369). 
38. Ccolini, Marcapata, 3900 In ( .sulifu~cu~ subfu.~cus: 5 males, FMNH 75487-75491). Ama- 
cho, Marcapata, 2750 m (subfu.\ruv su6fi1scu\: 2 males, FMNH 75482, 75484; 2 females, FMNH 
75485, 75486). 
Not located. Fondo Perayoc (.sulifi~~rris subfwc7~.\: 1 male, FMNH 83477). 
PUNO: 
39. 6.5 km SW Ollachca, 3350 m (sul$~~scm subfu.\cu.s: 25 males, MVZ 172964[E], 172967- 
172969 [all El, 172972[E], 172975[E], 172976[E], 172978[E], 172981-172985 [all El, 172987- 
172994 [all El, 173230, 173233, 173234, 173237; 16 females, MVZ 172965[E], 172966[E], 
172970[E], 17297 l[E], 172973[E], 172974[E], 172977[E], 172979[E], 172980[E], 3 72986[E], 
172995[E], 173229, 173231, 173232, 173235, 173236). 
40. Limbani, 3350 m (s.ubfusczls sulifusc~us: 3 males, FMNH 52558, 52563, 53137; 5 females, 
FMNH 52557, 52561, 52562, 53134, 53135; includes holotype). 
41. 1 mi S Limbani, 3485 rn (subfu.suiw subfuscus: 1 male, MVZ 11608 1; 2 females, MVZ 
116082, 116083). 
42. 4 mi SSW Lirnt~ani, 3940 rn (sub/u.cl:u~ subfuscus: 1 male, MVZ 116085; 1 female, MVZ 
116084). 
43. 13 mi W and 2 mi N CI-ucero, 3940 m (bobvienszs: I female, MVZ 116076). 39 km SE 
by rd Macusani, 4080 m (puer lulescerw: 1 male, MVZ 172997; 1 female, MVZ 172996). 
44. 4.5 km NE San Ant611, 4000 m (boliuiemis: 8 males, MVZ 172952[E], 172954[E], 
173384[E], 173390-173392 [all El, 173394[E], 173461; 20 females [all El, MVZ 172951, 
172953, 1129555172963, 173385-173389, 173393, 173395-173397. puer lutc.scenc: 1 female 
[El, MVZ 173382). 
45. 12 km S Santa Rosa [de Ayaviri], 3950 m (holivien~ic: 89 males, MVZ 171602[E], 
171606[E], 171608-171611 [all El, 171615[E], 171617[E], 171619[E], 171621[E], 171647[E], 
171652-171656 [all El, 172371, 172372, 172379-172381, 172384, 172895[E], 172900[E], 
172905[E], 172907[E], 172910-172912 [all El, 172917[E], 172919-172921 [all El, 172926[E], 
172928[E], 172930[E], 172932-1 72936 [all El, 172938-17294 1 [all E,K], 172943[E,K], 
172944[E,K], 172946[E,K], 1732 14[E], 1732 17[E], 17322 l[E], 173226[E], 173228[E], 
173297[E], 173300[E], 173301[E], 173304[E], 173306[E], 173307[E], 173309[E], 1733 13[E], 
173316[E], 173318[E], 173320[E], 173322[E], 173326[E], 173328[E], 173334[E], 173337- 
173344 [all El, 173350[E], 173352[E], 173354[E], 173355[E], 173360[E], 173361[E], 
173364[E], 179377[E], 173381[E], 173553[E], 173556-173558 [all El; 101 females, MVZ 
171603-171605 [all El, 171607[E], 171616[E], 171618[E], 171620[E], 171624-171628 [all El, 
171636[E], 171639[E], 171640[E], 171642[E], 171645[E], 171646[E], 171648-171651 [all El, 
172373-172378, 172383, 172385, 172897-172899 [all El, 172903[E], 172904[E], 172906[E], 
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172908[E], 172909[E], 1729 13-172916 [all El, 172922-172925 [all El, 172927[E], 172929[E], 
172931[E], 172942[E,K], 172945[E,K], 172947[E,K], 173212[E], 173213[E], 173216[E], 
1732 18[E], 173220[E], 173222[E], 173224[E], 173225[E], 173227[E], 173296[E], 173299[E], 
173302[E], 173303[E], 173305[E], 173308[E], 173310[E], 173312[E], 173314[E], 173315[E], 
173317[E], 173319[E], 173321[E], 173323[E], 173325[E], 173327[E], 173329-173332 [all El, 
173336[E], 173345-173349 [all El, 173351[E], 173353[E], 173357[E], 173359[E], 173363[E], 
173376[E], 173378-1 73380 [all El, 173552[E], 173554[E], 173555[E], 173560[E], 173561 [El. 
putr  lulescens: 14 males [all El, MVZ 171613, 171623, 171631, 171633, 171635, 171641, 
171643, 171644, 172896, 172918, 173335, 173369, 173373, 173374; 27 fernales, MVZ 
171601[E], 171612[E], 171614[E], 171622[E], 171629[E], 171630[E], 171632[E], 171634[E], 
171637[E], 171638[E], 172382, 172937[E], 173215[E], 173223[E], 173298[E], 173324[E], 
173333[E], 173356[EJ, 173358[E], 173365-173368 [all El, 173370-173372 [all El, 173375[E]). 
46. Chuquibambilla, 3940 tn ( bo l i v i e r~k :  2 tnales, FMNH 49695, 49698; 2 females, FMNH 
49696,49697). 
47. 25 krn N Ayaviri, 3910 rn (boliuirntir: 2 males, MVZ 115667, 115668). 
48. 5 mi S Asillo, 4545 rn Wuri- lulescen~: 2 females, MVZ 1 16077, 116078). 
49. Htia. Purina, 7.5 km N and 1.7 km W Tirapata, 3940 m (holiuiewis: I rnale [El, MVZ 
172948; 2 females [both El, MVZ 172949, 172950). 
50. 2 mi NNW I'uc-ari, 3850 111 (bolzvierwi\: 1 male, MVZ 116079; 1 female, MVZ 116080). 
Tirapata, Peru @urr lulescrrzs: 1 male, AMNH 16508). 
51. 6 km S Pucar6, 3850 rn (holivzenris: 9 males [all El, MVZ 172998, 173002, 173004, 
173012, 173019, 173246, 173406, 173407, 173412; 17 females [all El, MVZ 172999-173001, 
173005, 173006, 173009, 173011, 173013, 173239, 173243, 173247, 173404, 173405, 
173409-17341 1, 173416. purr 1ute.tc~nt: 17 niales [all El, MVZ 173003, 173007, 173008, 
173010, 173014, 173016, 173019, 173021, 173022[K], 173238, 173245, 173398, 173402[K], 
173403, 173413, 173414, 1734 17; 13 fernales [all El, MVZ 173015, 173017, 173018[K], 
173020, 173240-173242, 173244, 173248, 173399, 173401, 173408, 173415). 
52. Azingaru, 4020 111 (bo/zvier~tl.t: 1 rnalc, FMNH 64339). 
53. 3.6 krn W Mufiani, 3980 m (holzuierwis: 3 males [all El, MVZ 173023, 173025, 173029; 
6 fernales [all El, MVZ 173024, 173026173028, 173030, 17303 1. puer lutpscenr: 2 males [both 
El, MVZ 173029, 173419; 3 females [all El, MVZ 173030, 173031, 173418[K]). 
54. Hda. Checayani, 20 km NE Ardrigaro, 4000 m (bo/zuierl.~i.t: 1 male, MVZ 136254). 
55. 11 km W ant1 12 krn S Ananea, 4200 m (bolivzer~\&: 2 males [both El, MVZ 173033, 
173421; 2 fernales [both El, MVZ 173032, 173420. p u e r l u t e s c ~ n ~ :  4 males [all El, MVZ 17303G 
173037). 
56. 6 krn N Putina, 3900 rn (boliuirn\ic: 1 srlale [El, MVZ 171673; 3 fenlales [all El, MVZ 
17 1671, 171672, 171675. Pupr l u t e s c ~ n ~ :  1 female [El, MVZ 17 1764). 
57. Alta Calacala, 40 mi NE Juliaca, 4060 m (boliuieruk: 1 male, MVZ 139540). Hda. Cala- 
cala, 7 mi SW Putina, 4000 rn (boliuimm~t: 2 males, MVZ 114641, 116653; 2 females, MVZ 
1 14640, 116654). 
58. 3 rni NE Arapa, 3820 rn (boliuznww: 1 male, MVZ 116652). 
59. Hda. Umayo, 15 mi S Juliaca (holzviertsis: 1 male, MVZ 116657; 3 females, MVZ 116655, 
116656, 116658). 
60. 15 km W Puno (bolzuientzs: 1 male, MVZ 115674). 
61. 78 krn W Puno, 4090 m ( h o l i u i ~ ~ r i ~ :  1 tnale, MVZ 115675). 82 km W Puno, 4240 m 
( bo l i v i e r~~k :  2 malcs, MVZ 115677, 115767). Tincopalra, 50 mi W Purlo, 4090 m (holiuiemw: 1 
male, MVZ 114649). 
62. 13 mi W Vilque, 3940 rri (holivlrntit: 1 fernale, MVZ 115678). 
(53. 5 krn W I'ur~o ( ~ I I L P ~  I U ~ ~ J C C ~ Y :  1 male, MVZ 115672; 1 fernale, MVZ 115673). 5 mi NW 
Puno (bo/zvierwi\: 1 fernale, AMNH 213575. Purr lutnrerw: 2 males, AMNH 213574, 213578). 
64. Chucuito, 3880 m (boliui(,ntls: 1 niale, FMNH 52564; 1 female, FMNH 52565). 
64a. Hda. Collacarhi, 5 krn SW Cl~ucuito, 3850 m ( b o l i v i e r ~ ~ i ~ :  4 males, FMNH 49684,49699, 
49700, 49702; 2 fernales, FMNH 49685, 49701). 
(55. Sorapa, ncar Rio Ilave (bolzvz~nrir: 3 males, AMNH 91554, 91556, 91557; 2 females, 
AMNH 91558, 91559). 35 kni S, 5 krn W Ilave, 3790 m (bolzvirr~tic: 9 males, FMNH 107839, 
107840, 107848, 107853, 107856, 107868, 107869, 107886, 107892; 13 females, FMNH 
107829, 107830, 107834, 107841, 107845, 107852, 107858, 107863, 107865, 107877, 
107882, 107889). 
66. Hda. Pairumani, 24 mi S Ilave, 3940 m (bolzuiensls: 3 males, MVZ 114643, 114647, 
116657; 7 fernales, MVZ 114642, 11464.1-1 14646, 116655, 116656, 116658). 
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67. 4 km E Juli, 3850 rn (holzvzmr~.sic: 1 malc, MVZ 115670; 1 Semale, MVZ 115699). 
67a. 6 mi S Yungayo, 3940 m (bo l~ l~ i r~u i s :  2 males, FMNH 51290, 5 1291; 7 females, FMNH 
51293-51299). 
68. Huac~illani, 3850 m (ho1iuier~sz.s: 7 males, E'MNH 52542, 52544-52548, 52551; 3 females, 
FMNH 52549,52550,52552). 
69. Mazocruz, Rio Huarlque, 3940 In (ho1zuier~si.c: 3 males, MVZ 1 1567 1, 139226, 139227[K]; 
3 fernales, MVZ 136256, 136257[K], 136258). 
AYACU(:IIO: 
70. 10 mi WNW Puquio, 3940 tn ( sub fhcw ni-rquzpar: 1 female, MVZ 137974). 
71. 18 krn NW Puquio, 4090 m (.tut)fu.scz~s nrrquipae: 2 males, MVZ 115658, 115659). 
72. 18 krn E hy rd l'uquio, 3770 rn (juninrmis: 2 males [both El, MVZ 174261, 174265. 
subf icus  areqicit)cir: 14 males [all El, MVZ 174249, 174252, 174254, 174256, 174258-1 74260, 
174262-174264, 174266-174269; 7 females [all El, MVZ 174250, 174253, 174255, 174257, 
174270-1 74272). 
73. 9 mi NE Puquio, 4090 m (sut,fusc7~\ arrquzpae: 1 rnale, MVZ 11601 1). 15 km NE Puquio, 
4090 m (src6fu.s~~~ orequ,ipue: 1 male, MVZ 115657). 
74. 4 k n ~  W Pampatnarca, 4230 m (suhfiucu.~ arequzpnr: 1 rnale [El, MVZ 174246; 3 females 
[all El, MVZ 174245, 174247, 174248). 
APURIMAC:: 
75. 40 krn S Clialhuanca, 4390 rn (.\ut)fu~cu.s urrquipae: 1 male, MVZ 1 15656). 
76. 24 km S Chalhuanca, 3545 rn (sub/i~\cw nrequzpae: 2 males, MVZ 115654, 115655; 1 
female, MVZ 115653). 
77. 36 km S by rd Chalhuanca, 3510 rn (sub/rc~crw nreqztipne: 1 male [El, MVZ 174242; 5 
females [all El, MVZ 174239-174241, 174243, 174244). 
78. 22 km S Chalhuatica, 3240 m (subfu.sczw c~requifiar: 1 fernale [K], MVZ 136252). 
Cusc:o: 
79. 16 kt11 SE Yauri, 3960 m (.sul$~~scu\ crrrquzpae: 2 males [t~oth El, MVZ 17422 1, 174222: 
1 f'emale [El, MVZ 174220). 
A ~ e y u ~ l , ~ :  
80. Caillonia, 4395 m (.culjf7uct~s nr~quzpae: 3 ti~ales, FMNH 4968149683; 1 female. FMNH 
49680). 
81. 20 km SE Caillorna, 4090 m (.\ubfuscu.s a7-rquipae: 9 males, FMNH 107745, 107747, 
107750, 107751, 107766, 107768, 107770, 107772, 107777; 8 females, FMNH 107744, 
107753, 107754, 107755, 107760, 107765, 107771, 107776). 
82. 1 km N Cliivay, 3700 ni (.stcbfu.sclw arequipae: 9 males [all El, MVZ 174199-174202, 
174205, 174206, 174208, 174213, 174216; 12 females [all El, MVZ 174203, 174204, 174207, 
174209-174212, 174214, 174215, 174217-174219). 5 km NNE Chivay, 3640 m (subft~sczw 
nrequi@ue: 6 males, FMNH 107701, 107703, 107719, 107721, 107723, 107727; 5 females, 
FMNH 107679, 107700, 107707, 107720, 107729). 
83. 5 km S Chivay, 4120 rn (subfusczu ai-rq7tipar: 8 tnalcs, 1:MNH 107671, 107687, 107693, 
107704, 107717, 107718, 107721, 107727; 5 females, FMNH 107667, 107681, 107698, 
107705, 107710). 
84. 15 km S Callalli, 4150 m (.\7tl)/'i\cu.c nrrquipar: 49 males, MVZ 174107[E], 174108[E], 
174114-174116 [all El, 174119[E], 174121[E], 174122[E], 174124[E], 174125[E], 174129- 
174131 [all El, 174135-174142 [all El, 174146[E], 174147[E], 174151[E], 174153[E], 
174155[E], 174160[E], 174162[E], 174163[E], 174166[E], 174168[E], 174169[E], 174171[E], 
174174-174178 [all El, 174181[E], 174183[E], 174184[E], 174187[E], 174189[E], 174193[E], 
174366-174369, 174371; 51 females, MVZ 174109-1741 13 [all El, 1741 17[E], 1741 18[E], 
174120[E], 174123[E], 174126174128 [all El, 174132[E], 174143-174145 [all El, 174148- 
174150 [all El, 174152[E], 174154[F,], 174156-174159 [all El, 174161[E], 174164[E], 
174165[E], 174167[E], 174170[E], 174173[E], 174179[E], 174180[E], 174182[E], 174185[E], 
174186[E], 174190[E]-l74192[E], 174194-174 196 [all El, 174198[E], 174361-174365, 
174370, 174372, 174373). 
85. Sumbay, 4090 m (.sut~fu.sclw (~rrquipue: I female, FMNH 49679). 
86. 2 km W Sumbay, 4200 rn (subf2c~crls arequipup: 11 males [all El, MVZ 174069, 174070, 
174075, 174077, 174090-1 74094, 174098, 174 101; 12 females [all El, MVZ 17407 1-174074, 
174076, 174078, 174079, 174096, 174102, 174103, 174105, 174106). 
87. Granja Chachani (subfi1scw nrequipae: 2 males, USNM 324907, 324908). 
88. 2 km E Chiguata, 3 180 m (.su/)fu.cc7w nrequipnr: 1 male, FMNH 107787). 4 km E Chiguata, 
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3425 m ( suh f~scxr  arequipnr: 1 male, FMNH 107783). 8 km E Chiguata, 4090 m (subfu.scus 
arequipae: 1 male, FMNH 107793; 1 female, FMNH 107794). 
89. 12 km E Arequipa, 3210 rn (su,bfuscus arequipae: 1 female, MVZ 136253). 
MOQIJE<:UA: 
90. 19 krn NE Torata, 3610 m (boliuienrk: 2 males, FMNH 107546, 107549; 2 females, 
FMNH 107530, 107544). 
TA(:NA: 
91. Tarata, 3060 m (holiuienszs: 2 males, MVZ 141313, 141315; 2 females, MVZ 141312, 
141314). 1.5 mi N Tarata, 3515 m (boliuiemis: 8 males [all K], MVZ 139228, 139231-139234, 
13924 1-139243; 10 ferriales [all K], MVZ 139229, 139230, 139235-139240, 139244, 139245). 




92. 7 km E Ulla Ulla, 4560 111 (puer lutetcens: 2 males, AMNH 247850, 247851). 
93. Tacacorna, 3150 m (subfuscuss i tb f icw:  1 male, AMNH 91575; 1 female, AMNH 91576). 
94. Sorata, 2500 m (subfiw-cw sub/wcuc: 4 males, AMNH 91564, 91565, 91567, 91572; 3 
females, AMNH 9156 1, 91563, 9 1569). Pass between Tacacoma and Sorata, 3640 m (.subfmcu.r 
subfuscw: 1 male, AMNH 91577; 1 female, AMNH 91578). Mt. Illampu, Sorata, 2647 m 
(sutfxrcus srcbfuscus: 3 males, RNHMS 240, 247, 248). Mt. Illampu, Chilcani, 3700 m (subfuscus 
subfi~ccus: 2 females, RNHMS 245, 246). Huancuni, 3050 m (subfurcus subfiwcxr: 3 males, 
RNHMS 217, 221, 222; 3 females, RNHMS 218, 220, 224). 
95. Alaska Mine, 4150 rri (sub-Jiucus sulfxrcus: 2 males, AMNH 72691, 72692; 1 female, 
AMNH 73012). 
96. La Paz (boliuiensu: 1 ~nale,  BMNH [holotype of paciJicu.r] 2.1.1.75). 
97. 12 km by rd SW Jesiis de  Machaca, Rio Desaguadero, 3850 m (bolzuirnris: 1 male, 
AMNH 262724). 
98. Caracato, 2900 m (holiuieruis: I female, AMNH 248998). 
CO(:HAUAMRA: 
99. Ayopaca (puer puer: 6 males, FMNH 74884, 74885, 74887, 74888, 74890, 74891; 1 
fernale, FMNH 74886). 
100. Choquecomate, Rjo Secure, 4000 m (puerpuer: 1 female, BMNH [holotype] 2.1.1.78). 
100a. Liriani, 3000 m, 17"19'S, 6fY20'W (puerpupr: 1 sex unknown, RNHMS 359). Ton- 
coma, 3200 ni, 17"15'S, 66"20fW (puerpuer: 2 sex unknown, RNHMS 367, 374). Ucho Ucho, 
3526 m, 17"10'S, 66"20'W ( p u e r p u ~ r :  1 sex unknown, RNHMS 391). 
101. Parotani (puerpuer: 1 male, AMNH 38661 ; 1 female, FMNH 2 1559). 
102. Colomi, 3075 rn (puerpuer: 2 males, FMNH 50974, 50976; 1 female, FMNH 50975). 
103. 9.5 km by rcl SE Rodeo, then 2.5 krn W on rd to ENTEL antenna, 3895 m (puer pupr: 
5 males, AMNH 260891, 260897-260900; 1 female, AMNH 260894). 
104. 15 mi ESE Tiraque [=Tiraque Chico], 3180 rn (puerpuer: I male, MVZ 119923). 
105. 101 krn by rd SW Epizana, Siberia cloud forest, Cordillera Central, 2989 m (puerpuer: 
1 male, AMNH 246687). 28 krn by rd W Comarapa, 2800 m (puer puer: 1 female, AMNH 
260500). 
SANTA CRUZ: 
106. 21 krn W Comarapa, 2900 m (pverpuer: 2 males, AMNH [both El 260448, 260453; 1 
male [El, MSB 55223; 5 females [all El, AMNH 260449,260450,260452,260453[K], 260454; 
4 females [all El, MSB 55220, 55221, 55224, 55225). 1 km N and 8 krri W Comarapa, 2450 
ni (purr puer: 2 males, AMNH 260494, 260498; 1 female, AMNH 260497; 1 female, MSB 
55230). 
ORURO: 
107. Huancaroma, 3720 m (boliuipnrzi: 1 male, AMNH 262683). 3.5 km E Huancaroma, 
3720 m (bolivirmi\: 1 male, AMNH 260457; 1 female, AMNH 91555). 1 km W Huancaroma, 
3730 m (boliuzemi~: 1 female, MSB 55219). 
108. Pazfia, Finca Santa Elena, 3750 m (buliuienris: 1 male, UMMZ 156285; 1 female, 
UMMZ 155858). 
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Pol-0s1: 
109. 20 km S Potosi, 3785 rn (holiuiens~s: 1 fernale, MVZ 119925) 
TARIIA: 
110. 1 km E Iscayachi, Kio To~nayapo, 3450 m (boliuirr2sis: 6 males, AMNH 262685, 262687, 
262694, 262695, 262697, 262718; 3 males, MSB 57087, 57091, 57093; 4 females, AMNH 
262684, 262686, 262699, 262719; 2 females, MSB 57088, 57090; 3 sex missing, AMNH 
262704, 262712, 262720; 1 sex missing, MSB 57089). 
11 1. 10 nii NW Tarija, 2485 m (puer caenosus: 1 female, MVZ 119926). 
112. Rancho Tambo, 61 k n ~  by rd E Tarija, 2100 ni (puer cuenosus: 1 male, AMNH 262762). 
ARGENTINA 
Juluu: 
113. Sar~ta Hirbara, 1800 m (~pegazzinii  tucumanr~ruic: 1 male, AMNH 179977). 
114. Mts west of Yala ( l ) u ~ r  cuenosue: 3 rnales, FMNH 23384, 23388, 23390; 1 rnale, USNM 
259623; 6 fernales, FMNH 23379, 23381, 23383, 23385, 23389, 23392; 1 female, USNM 
259622). Along Yala Laguna rd, W of Hwy 9 @uer caenosus: 3 males, CM 43050, 43052, 
43054; 3 females, CM 43053, 43056, 43406). 
115. Leon, 1500 m (purr cuenosm: I male, BMNH [holotype] 18.1.1.38). 
SALTA: 
116. Lower Cachi (sprgazziniz ,\pegazzinii: 1 female, BMNH [Iiolotype] 97.5.5.14). 
117. 30 km S Cachi along Hwy 40, 2400 m ( .cp~g(~zzin~ii  spegazzinii: 3 males, CM 43435, 
43438, 43439; 1 female, CM 43437). 
118. Metbn, La Represa (speguzziniz tucumanrruw: 1 male, FMNH 46147). 
119. Arroyo Los Noques, l'arque Naciorial El Rey (lmer caenosus: 1 male, CM 72366). 
TUCUMAN: 
120. S of San I'edt-o dc Colalao, Sau Petlro rd, 1000 m (sf)egazzinii tucu,manensi\: 2 females, 
CM 86399,86400). 
121. Vipos, 786 m (.sprgazziriiz tucvmanrr~sic: 2 males, FMNH 29122, 29123). 
122. 15 krn N San Miguel de Tucuman ( ~ p ~ g r ~ z z i n i z  tucqmlanensu: 1 male, C M  43071). 25 
km N San Miguel de TucurnAn, El <:adillal Dike (cf~egazzinii tucvmanrnsis: 5 males, CM 43076, 
43077, 43087, 43088, 43090; 7 females, CM 43072, 43073, 43075, 43083, 43086, 43093, 
43094. purrcaeno\i~s: 3 males, CM 43074, 43081, 43262; 3 females, CM 43080, 43085, 86421). 
123. Sierras de Mediria (sf~egazzinii tucuwiunrntis: 2 females, CM 43380, 43382). Sierras de 
Medina, 25 k n ~  NE l'ucumin, 800 m @uer cuenr).su.s: 1 male, CM 43381). 
124. El Infiertiillo, 19 ktn NW Tafi del Valle, 3000  IT^ (spegazzznii ~pegazzinti: 6 males, CM 
43014-43016, 43450, 43454, 43463; 6 females, CM 43451, 43455, 43459, 43460, 43462, 
43465). Tafi del Valle, 2 100 m (spegazziniicfirgazziniz: 1 male, AMNH 4 1701 ; 1 female, AMNH 
41700. .epegazzinii tucumuner~cie: 3 rnales, AMNH 41696, 41698, 41699; 2 females, AMNH 
41697, 41700). Above Tafi, 2900 m (spegazzznii spegazzinzi: 2 males, AMNH 41826, 41828; 2 
females, AMNH 41827, 41829). 
126. Horco Molle, 15 km W Turunibri (purr caenosiw: 1 fernale, CM 431 17). Horco Molle, 
25 k ~ n  W Turumlin Wuer cuenosus: 3 males, (:M 43328, 43484, 43489; 1 female, CM 43329. 
spcgazzinii tucumancn\is: 6 males, CM 43102, 43107, 431 16, 43120, 43330, 43350; 2 females, 
CM 43103,43104). 
127. 3 km W Lules, 300 m (speguzzinii tucumanrmis: 2 females, CM 86397, 86398). 
128. Concepcihn, 400 m (puer caenoalw: 1 female, FMNH 30194. cpegazzinzi tucumanensis: 4 
males, FMNH 30184, 30189, 30191, 34997; 1 female, AMNH 79028; 4 females, FMNH 
30181, 30182, 30185, 30196). 
129. Sarrniento, 500 rn (speguzzzniz: 2 ferriales, AMNH 41803, 41819). 
Not mapped. Sierra de Tucuman ( ~ p q a z z i n l i  luci~manencic: 1 male, AMNH 41692; 1 female, 
AMNH 41682). 
CATAMAR(:A: 
130. Immediately north of Andalgala (.\prgr~zzinii ssp.: 1 female, CM 43176). El Potrero 
Dike, 13 km N Andalgala (spegazzinii ssp.: 1 female, CM 43 154). 
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APPENDIX I1 
OTHER SPECIMENS EXAMINED 
Specimens of the holiviensis group are listed above. We present here a 
summary list of those specimens of other species of akodonts on which our 
general comparisons and Table 7 are based. 
Akodon acros1ls.-B0LIVIA: LA PAZ: Nequejahuira, 2425 m (AMNH, 2 males, 2 females); 
Okara, 2275 m (AMNH: 2 males, 3 females); Pitiguaya, 1760 m (AMNH, 6 males, 2 females). 
PERU: AYA(:UC:IIO: Luisiana, Rio Apurimac, 575 m (AMNH, 3 males); San Jose, Rio Santa 
Rosa, 1000 m (LSU, 1 sex unknown); Huanhuachayo, 1660 m (LSU, 1 sex unknown); Hda. 
Luisiana, Rio Apurimac (LSU, 1 sex unknown). Cusco: 72 km NE Paucartambo, 1460 m 
(MVZ, 8 males, 5 females; UMMZ, 9 males, 5 fernales); Marcapata, Hda. Cadena (FMNH, 4 
males, 3 females); Camante (FMNH, 1 female); Marcapata, Limacpunco, 2400 In (FMNH, 6 
males, 7 females). H u ~ ~ u c o :  Hda. San Antonio, Rio Chinchao, 900 m (FMNH, 4 males, 5 
females); Hda. Buena Vista, Rio Chinchao, 900 m (FMNH, 3 males, 4 females); Tingo Maria 
(FMNH, 2 females); Hda. Exito, Kio Cayumba, 900 m (FMNH, 3 males); Tingahuayin, 5 km 
NE Acomayo, 2550 m (MSB, 1 male, 1 female). JIJNIN: 3 mi SW San Ramon, Chanchamayo 
Valley, 840 m (AMNH, 6 males, 1 female); 2 km NE San Ramon, Chanchamayo Valley, 880 
In (AMNH, 3 males, 3 females); 6 mi SW San Ramon, Chanchamayo Valley, 840 m (AMNH, 
3 males, 1 female); 2 mi NW San Ramon, Chanchamayo Valley, 880 m (AMNH, 1 male, 1 
female); 3.2 mi N Vitoc, Rio Tulurnayo, 700 m (USNM, 3 males, 3 females); Rio Palca, ca. 
15 km W San Ramon (USNM, 2 males); 10 krn WSW San Ramon, 1275 m (MVZ, 2 males, 3 
females). PASC:~:  POZUZO (FMNH, 1 male). SAN MARTIN: Moyabamba (FMNH, 4 males, 2 
females). 
Akodon a1biuenter.-BOLIVIA: ORURO: Paztia, Finca Sta. Helena, 3750 m (UMMZ, 3 males, 
2 fernales); Huancaronia, near Eucaliptus (UMMZ, 1 male). 
Akodon andinus.-PERU: AREQUIPA: 2 krn W Sumbay (MVZ, 2 females, 1 male); 43 rd km 
E Arequipa, ca. 3850 nl (LSU, 5 males, 1 female); 48 rd km E At-equipa, ca. 4060 m (LSU, 1 
male, 1 female). 
Akodon duyi.-see Myers (1989). 
Akodon fnmeu~.-see Myers and Patton (1989a). 
Akodon kofoi-di.-see Myers and Patton (1989a). 
Akodorz mol1ir.-PERU: AMAZONAS: 5 krn N and 5 krn E Pomacochas, 1820 m (MVZ, 4 
males). ANCASH: Macate (FMNH, 5 males, 3 females, 1 sex unknown); 6 mi WSW Cahuel 
Tunr~el ,  3940 In (MVZ, 2 females); Trinco, 2 km S and 15 km W Huaras, 3640 m (MVZ, 1 
male); 4 mi S and 8 mi E Kecuay, 3790 m (MVZ, 2 males, 2 females); Huaraz, Tullparaju, 
4300 In (FMNH, 3 males, 2 females); Huaraz, Quilcayhuanca, 4000 m (FMNH, 1 female); 
Rccuay, Ticapampa, Hda. Catac, 3500 m (FMNH, 1 male). CAJAMARCA: Cajamarca (FMNH, 
3 males, 3 females); Hda. Limon, 10 mi W Balsas (FMNH, 1 male, 2 females); 35 mi WNW 
Cajaniarca, Hda. Taulis, 1820 m (MVZ, 3 males, 1 female); Taulis, 2680 m (AMNH, 1 male, 
2 females); Seques, 1515 m (AMNH, 1 male, 2 fernales). HUAN(:AVELI(:A: Kio Mantaro, 2575 
m (MVZ, 1 sex unknown); 3 mi SE Izcuchaca, Rio Mantaro, 2725 m (MVZ, 1 sex unknownj. 
H u A N u ~ : ~ :  mts., 3180 m (FMNH, 4 males, 7 females); Cullcui, Maration River, 3150 m 
(FMNH, 4 males, 1 female); Panao, mts, 3120 rn (FMNH, 1 female); mts, 3120 m (FMNH, 1 
male); mts, 3695 m (FMNH, 4 males, 1 female); Ambo, 2030 tn (FMNH, 1 male, 3 femalesj. 
JUNIN:  22 mi E Tarma, 2210 m (AMNH, 4 males, 14 females); 15 km by rd SW San Ramon 
(UMMZ, 1 male); 9.5 mi N La Oroya, 3940 In (AMNH, 1 female); 16 km NE Palca, 2540 m 
(MVZ, 8 males, 5 fernales). LII>F.R.I.AI): Menucucho (FMNH, 5 males, 5 females); Pacasmayo 
(FMNH, 5 males, 3 females); Trujillo (FMNH, 4 males, 3 females); mts. near Otuzco (FMNH, 
2 ma!cs, 1 female); Hda. Llegueda, NE Otuzco (FMNH, 4 males, 2 females); 7 km NE 
Pacasmayo, 60 rn (MVZ, 1 female); 3 km SW Otuzco, 2425 m (MVZ, 1 male, 1 female). PASGO: 
10 km NE Cerro de  Pasco, 3940 m (MVZ, 1 sex unknown); La Quinua, 3515 m (FMNH, 3 
males, 1 female); Chiquirin, 3395 m (FMNH, 3 males, 2 females). PIURA: Canchaque Tambo 
(FMNH, I male); Huancabamba (FMNH, 2 males); 6.4 mi by rd E Canchaque, 1665 m (MVZ, 
2 males, 5 females); 2 km W Porculla Pass, 1970 m (MVZ, 1 female); Huancabamba (AMNH, 
1 female); Huancabarnba, 1960 m (FMNH, 2 fernales); Huancabamba, 3000 m (FMNH, 2 
females). TUMBES: Tumbes (BMNH, 1 male). 
Akodon siberiae.-see Myers and Patton (1989b). 
Akodon simulator.-see Myers (1989). 
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Akodon sy1uanu.r.-ARGENTINA: JUJUY: El Sirnbolar, 25 krn SW Palma Sola (CM, 2 males, 
I female). 
Akodon torqu,es.-1'ERU: Cusc:o: 32 km NE Paucartambo, 3140 rn (MVZ, 13 males, 7 fe- 
males; UMMZ, 1 male, 2 females); 90 km SE Quillabamba, 3540 m (MVZ, 10 males, 14 
females; UMMZ, 7 males, 18 females); Valle d e  La Convencion, 1000 m (FMNH, 3 males); 
Ccachubamba (FMNH, 1 male); Amacho (FMNH, 1 male); 10 km N Paucartambo, 3150 In 
(MVZ, 1 female); Tres Cruces, 18 km N Paucartambo, 3605 rn (MVZ, 4 males); Machu Picchu, 
3635 m (AMNH, 1 rnale, 1 female; UMZ, 4 males, 5 females; USNM, 5 males, 4 females); 39 
km NE Paucartambo (MVZ, 3 males, 2 females); 54 km NE Paucartambo (MVZ, 5 males, 3 
females); Lucma-Casireni Pass (USNM, 2 males, 2 females); Machu Picchu, 2425 m (USNM, 
2 females); Tot-ontoy (USNM, 6 males, 4 females); Ocabamba Valley (USNM, 7 males, 1 
female); 2 km NE Amaybainba, 2000 m (MVZ, 1 female); 3 km N Amaybamba, 2200 m 
(MVZ, 7 males, 2 females). 
Akodon varins-see Myers (1989). 
Bolomys amoenus.-PERU: PUNO: 6 km S Pucara, 3850 111 (MVZ, 2 males, 1 female). 
Chroeomys jekkii.-PERU: AREQUIPA: 15 km S Callalli, 4150 m (MVZ, 2 females). JUNIN:  22 
krn N La Oroya, 4040 m (MVZ, 2 females). 
Microxus mimu.$.-BOLIVIA: COCHABAMBA: 101 km by rd SW Epizana, Siberia Cloud For- 
est, Cordillera Oriental, 2989 m (AMNH, 12 males); 28 km by rd W Comarapa, 2800 m 
(AMNH, 8 males, 3 females; MSB, 2 males, 4 females); 31 km W Comarapa, 2800 m (AMNH, 
2 males); Incachaca, 2425 rn (ANSP, 1 sex unknown). LA PAZ: 18 km N Zongo, 2967 m 
(UMMZ, 5 males); Rio Aceromarca, 2600 m (UMMZ, 1 female); 31 km S Coroica, 2850 m 
(UMMZ, 1 male); 10 km NE Unduavi, 2400 m (UMMZ, 6 males, 3 females); 30 km N Zongo, 
2000 m (UMMZ, 1 male, 8 females); Nequejahuira, 2425 rn (AMNH, 12 males, 9 females); 
Pongo, 3635 m (AMNH, 1 male, 1 female); Rio Aceromarca, 3270 m (AMNH, 3 males, 5 
females, 4 sex unknown). SANTA CKUZ: 25 km W Comarapa, Siberia, 2800 m (UMMZ, 4 
males, 6 females). PERU: PLJNO: 4 mi N Limbani, 2670 m (MVZ, 2 males); Agualani, 9 km 
N Limbani (MVZ, 3 males, 3 females); Limbani (BMNH, 1 female). 


